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NOW, IMPROVE THE 
RAISING TH 


INTRODUCING THE NEW '97 CONVERSION VAN FROM CHEVY. it's designed to be the best van we've ever 
built. The ride is smooth and comfortable, the next best thing to fresh blacktop. Its foundation is a rugged, 
full-length chassis with welded ladder-frame construction that adds tons of structural rigidity. Independent 


short- and long-arm front suspension allows front wheels to act individually over bumps. The extended model has 


ther GM divisions. ©1997 GM Corp. Buckle up, America! 
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A flash fire. It happens when invisible fumes creep along your floor and 


make contact with a gas pilot light. So please BE make sure flammable liquids are tightly sealed 
р : 4 


a 
= 


and stored far away from gas appliances. $i 


see an Allstate Agent or call |-888-ALLSFTY. 


1 
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For more information on home fire safety, 
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L 58 The Final Frontier The planet's last intact 


expanses of native fois are under siege. For 
many countries, time is running out. 


AUTOMOTIVE 


against an ronl Pearl Harbor,” an Ай emi 


в 36 Automotive Newsfront Ford pickup and van 
unit finds the keyboard mightier than the sword. tackle California’s tough ultralow emission standards. 
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70-mpg Hybrids 
Superefficient gas-and- 
electric cars get ready 
for the road. 


Computing's Big Picture Compaq's chief 


wants to ride the Internet into your TV room. 
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Ж, Н 1-1 rt America n Motorspor ts 
We take you ü trackside at '97's hottest race circuits. 
You'll almost hear the engines whine. 
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reality simulator preps parachuting ex-president. 
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Into attempted burglary. 


When 3M™ Scotchshield™ Ultra Safety and Security Film is applied to 


p windows, it resists penetration and helps keep glass in place through : 


attempted break-ins, storms, even earthquakes. It's another innovative 
3M — that helps make your home more safe and comfortable. 
And one more result of our unique culture, which lets us make the leap 


from need to ... 


3M Innovation 


©3M 1996 For more information, call 1-800-3M-HELPS, or Internet: http://www.mmm.com 
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CHIEF 


LETTERE 


| Simmering Science 


THIS MONTH, WE REVISIT TWO CONTROVERSIES that refuse to simmer down. 
First, freelancer Gary Stoller retraces the high-tech investigation of the TWA Flight 
800 crash. Though the Boeing 747 exploded in midair and plunged into the Atlantic, 
investigators have recovered some 95 percent of the plane. Yet only guesses can 

be ventured as to the explosion’s cause. Next step: blow up the center fuel tank in 
another 747 and compare results. 


Contributing Editor Andrew Chaikin updates the claims that a potato-size mete- 


orite shows signs of fossilized bacterial life from Mars. Chaikin has been tracking 
fierce attacks by other scientists ever since last August’s astounding report. The 


debate will no doubt continue as a new wave of exploration begins with NASA’s Mars Pathfinder lander on July 4. 
Meanwhile, the U.S. Air Force has just upgraded information to a category meriting theater-of-war status (with 

land, air, and sea). Contributing Editor Chris O’Malley goes inside the 609th Information Warfare Squadron, the 

first combat unit of its type. The 609th stands ready to defend against an “electronic Pearl Harbor.”—Fred Abatemarco 


Biosphere Views 


AFTER CONTINUALLY reading 
reports on the failure of Biosphere 
2, it was great to read a real analysis 
in “Second Chance for Biosphere” 
[April]. Biosphere a failure? Look at 
what was learned about creating 
and managing an artificial environ- 
ment. Considering this accomplish- 
ment—and that Biosphere is now 
being used for educational purposes 
—l am grateful for the original 
investor and all who participated. 
J. Pat Geis 
Santa Rosa, Calif. 


AS ONE WHO took one of the first 
tours before the Biospherians went 
into the habitat for their experi- 
ment—and as a scientist—I thought 
the whole thing was fatally flawed. 
When conducting experiments, there 
have to be enough controls to be 
able to isolate the effects of the var- 
ious test parameters. By introducing 
such a diverse and huge number of 
variables at once, there was absolute- 
ly no way of predicting the results. 
Dan A. Davidson 
Sierra Vista, Ariz. 


Digital Photography 


I WAS MIFFED when you glossed 
over external storage and wrote 
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more about transferring files to a 
computer in "Get the Digital Pic- 
ture" [March]. With PC Cards or 
other similar media, both issues are 
resolved. Not only can you pack a 
couple of storage cards with you 
when you go on vacation, but upload- 
ing to a PC is quick. In a few years, 
maybe the cards will be next to the 
35mm film at the photo shop. 
Andrew J. Cheadle 
djcc97 @јипо.сот 


There are four types of flash mem- 
ory cards now commonly used in 
digital cameras—full-size PC Cards, 
matchbook-size CompactFlash and 
Miniature Cards, and wafer-thin 
Smart Media cards. Some of the 
smaller sizes can be slipped into 

an adapter for use in a PC Card 
slot for quick uploading. 


YOU SAY THAT using Mime and the 
Internet is "neither easy nor fool- 
proof" for e-mailing pictures and 
that e-mailing pictures over online 
services can be as simple as clicking 
on an Attach File button. However, 
several Windows e-mail programs, 
and even Unix Pine, let you attach 
files for transfer over the Internet 
with the same File Attach button 
routine as that of online services. 
Dustin Cooper 
dustinc@primenet.com 


HOW TO CONTACT US 


Address: 2 Park Ave., 
New York, NY 10016 
Fax: 212-481-8062 


ARTICLE INQUIRIES 

We have listed the city and state for 
companies mentioned in our articles. 
For further assistance: 

E-mail: reader(2 popsci.com 
www.popsci.com/context/resources 
Fax: 212-481-8062 


LETTERS 

Comments may be edited for space 
and clarity. We regret that we cannot 
answer unpublished letters. 

E-mail: letters@popsci.com 


QUESTIONS FOR FYI 

We answer your questions in the Ask 
Popular Science section of FYI. Only 
letters for publication can be answered. 
E-mail: askpopsci (2 popsci.com 


SUBSCRIPTION INQUIRIES 

For subscription or delivery problems, 
or change of address please write to: 
Popular Science 

P.0. Box 51286 

Boulder, CO 80322 

Phone: 800-289-9399 

E-mail: popsci@neodata.com 


POPULAR SCIENCE ONLINE 
Visit our World Wide Web site at 
http://www.popsci.com 


Motorsports Mania 


THANKS FOR including often-over- 
looked drag racing in “The Tech- 
nology of Speed” [March]. However, 
Top Fuel dragsters have not used a 
transmission for more than a decade. 
Instead, clutch and fuel management 
by mechanical timers propel those 
machines down the quarter-mile. 
Bob Vidman, NHRA #15279] 
vidmanfour@aol.com 


WHILE I FOUND your article on the 
challenges facing racing’s engineers 
insightful, I don’t understand how 
you could pay only lip service to 
Formula One. You gave it less space 
than desert racing, sprint cars, and 
racing simulations. Just because 
your market is primarily in North 
America doesn't mean you have 
to slight the most popular form of 
racing in the world. 
Thomas Mix 
grainosand@aol.com 


Alcohol Omissions 


AS A RECOVERING alcoholic I wish 
POPULAR SCIENCE had included 
some scientific information on the 
addictive qualities of ethyl alcohol 
to balance your “Essential Technology 
Guide: Beer, Wine & Spirits” [May]. 
Malcolm Campbell 
Montclair, N.J. 


YOU IDENTIFIED three brew-on- 
premise establishments by name, 
but you failed to identify where the 
accompanying photos were taken— 
The Brewer's Apprentice in Freehold, 
New Jersey. 
JoEllen Bianchi 
The Brewer's Apprentice 


Microwave Heating 


NOWHERE IN “Microwaves for You," 
which suggests microwaves could 
be used to keep people warm, is 
there any consideration of the 
effects of high-power densities on 
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living tissues [Home Technology 
Newsfront, April]. I thought that 
this type of radiation causes cancer 
in various forms of living cells. 

Ed Schow 


edschow @aol.com 


I belong to the large (overwhelming) 
body of scientists who do not agree 
that microwave radiation or power- 
line fields cause cancer or cataracts. 
In fact, microwave heating has been 
used for decades at much higher 
intensities by athletes and for some 
medical treatments. However, I also 
believe it would take a critical en- 
ergy shortage and a few decades to 
overcome the psychological, legal, 
engineering, and agency obstacles to 
implement this systern.— Charles К. 
Buffler, Microwave Research Center 


WaterFiltering 


IN “WATER RINSE” [What's New, 
Feb.], the description of water puri- 
fiers and the Kinetico Drinking 
Water System-Plus (not the Kinetico 
Drinking Water П Plus, as you wrote) 
is misleading. First, purifiers usually 
work at the point of use, not the 
point of entry. Second, filter mem- 
branes are more expensive than the 
$60 to $100 cited, though some car- 
bon filters and faucet attachments 
fall in this range. Third, the system's 
purpose isn't to extend the life of 
the membrane. Rather, the system 
has a patented feature, the Ever- 
Clean Rinse, which extends the 
membrane's life. 

David W. Krupinski 

Kinetico Inc. 


Corrections: The D-465 is not the 
first Sony Discman with an optical 
digital output port [What's New, 
May]. Available since 1989, the D- 
555 was the first. 

A computer is needed to print 
from the Ibid whiteboard. Ibid can- 
not be wired directly to a printer 
[What's New, March]. 
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r lf you want tools that are built to last, 

Á head to your local Ace Hardware dealer. 

- Because they offer an entire line of 

j Ace Brand hand tools, from screwdrivers and 
4 socket sets to hammers and wrenches. 

ü Each with a full lifetime warranty. 

n et. 
à Brand Ace is the Place on the Net & www.acehardware.com нта, 
La 
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There's a good reason Laredo? Light Truck Tirés are ‘made tough with 


DuraShield* construction. They're put to the test every day to be as reliable, - 
E 8g as dependable and as true as the folks who choose them. | = 


u 
Ё ‚^з 
ғ 
| е 
4 


# 


т 


[FE] YEARS OF 


Additional research by William L. Thieriot EDITED BY MARIETTE DiCHRISTINA 


Medicine Under a wave of medical 


advances, many diseases that once 
battered humankind have lost their sting. 


кё ie 


—— "aX D 
Brain Reader 


ШЫ ۳ MM | “IT PICKS UP ‘brain waves'—electrical Ve 


waar розумна АРК | impulses generated in the head by brain 


ENCYCLOPAEDIA BRITANNICA 


COURTESY 


pe. PE LAT function," POPULAR SCIENCE observed 
| | | about the electroencephalogram in ssist forthe Ticker 
Mif ААРА — Sem ps e m ^THE PACEMAKER generates a small electric 
IN POA ГУ iiim ба NUN rie "pn signal to prod the heart into beating," POPULAR 
بم‎ à; SCIENCE explained to readers in August 1964. 
‘id iih ii pines кыкка. At the time, the most celebrated case was that 


ta one of deep coma 


of 38-year-old actor Peter Sellers, whose life 
was saved by one of the devices. The device 
was first invented in 1932 by A.S. Hyman. 


Stopping a Crippler 


AT ONE TIME, crippling polio was the 

dreaded scourge of children, including 
our own future president Franklin 
D. Roosevelt. Then in May 1953, 

we reported extensive clinical trials 

of a vaccine by Jonas Salk, which 

was to put medicine on the course 

to vanquish polio once and for all. 


Artificial Kidney 

ONCE, A FAILING kidney meant certain death. 

But the dialysis machine, which filters out blood 
impurities, brought new hope to long-suffering 
patients when it was first used in 1945. "Sending 
your blood to the cleaners is a modern medical mir- 
acle," POPULAR SCIENCE proclaimed in January 1951. 


The Visible Man 


IN JUNE 1995, we reported 
3 EY the first electronic atlas of 
SN A the human body, which 
! soon became an important 
aid for students as well as M cune mooo Й 
for doctors practicing ie — 
surgery or other proce- | 
dures. As in the Bible, first 
came the Visible Man, 
whose frozen cadaver was 
sliced in 1-millimeter in- 
crements, and then the 
Visible Woman. 
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Fungus Among Us 


IN AN AUGUST 1944 story, Por- 
ULAR SCIENCE described Penicillum 
notatum as an "unwelcome in- 
truder" on the staphylococcus 
cultures grown by English 
bacteriologist A. Fleming in 
1928—until Fleming realized 
that the fungus was stopping 
disease germs from growing. By 
the early '40s, the world had 
entered the era of antibiotics. 


The Cancer Killer 


SOON AFTER radium gas was an- 
nounced in 1898, its potential 
for cancer treatment was consid- 
ered. Early research on killing 
cancer cells in animals with radia- 
tion from radium suggested that 
surgery wasn't the only option 

for humans fighting cancer. "It 

is more than possible," we theo- 
rized in a February 1922 story, 
that cancer sufferers "will eventu- 
ally be cured in this fashion." 


10 


Dye Prevents Death 
A GERMAN SCIENTIST announced in 1932 that the 


dye protonsil rubrum is effective against infec- 
tions. From this came the sulfanilamides— drugs 
that conquered more than a dozen diseases, 
including pneumonia, strep throat, scarlet fever, 
anthrax, and gangrene. In our August 1940 issue, 
we hailed the sulfas as "the king of drugs." 
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High-Tech Diagnostic Tool 
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d 
DEVELOPED IN 1971, nuclear magnetic 
a resonance imaging is providing the ¥ 
“sharpest look yet inside the body,” we 4 
reported in June 1988. The technology 4 
uses superconducting magnets and radio 
signals to image slices of the body (such 4 


as the brain and eyes, shown) for diag- 
nosing illnesses. 


Seeing the Invisible 


FIRST BUILT IN 1933, the electron microscope has 
proven an invaluable medical tool. In a July 1945 
story, we extolled the device, noting that influenza 
has defied all treatments, "but 
the thing that causes it can 
now be seen”—and perhaps | 
someday treated. Still, there is | 
no cure for the common cold. 


Also Noted... 


e July 1909 Orthodonture causes "a revolu- 
tion in dentistry." 


e December 1990 Gene therepy is first 
attempted on a human. 

e 1943-1944 Streptomycin enters the 
battle against tuberculosis. 

e December 1996 The first complete 
genome of a life form—a yeast—is 
sequenced; FDA-approved drugs called 
protease inhibitors bring hope as a 
weapon against the AIDS virus. 


e June 1932 Vitamin C, which prevents 
scurvy, is isolated. 

e February 1951 An “iron heart” keeps the 
vital muscle beating during surgery. 

e October 1985 A biochemical transplant 
brings hearing to the deaf. 
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CASIODATA BANK. 


now brings you the technologically unique 


TOUCH SCREEN 


Т КА 


Our Telememo, equivalent to 
> 200 pages of information, 

ug stores names, phone numbers, 
appointments, special notes... 
in the mode of your preference: 
Business, Personal or Private. 
Edit mode lets you add or 
change entries. 


With just a light touch 
of your fingertip on any 

of the 8 icons, you can activate 

one of the many essential 

wrist organizer functions. 

The luminescent, backlit screen 

® , also allows you to see everything 


e е с) in total darkness. 


Business Mode lets you 
link your contacts to their 
company name. 

An Executive Mode 
starts an index search 
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Forgetful? 
5 multi-function alarms 
serve as reminders, 
plus a 1/100 second e 
stopwatch and a 24 hour ы | | Always remembers 
countdown alarm appointments and important dates, 
for hourly signals. the auto-calendar is pre-programmed 
until 2039. 


. are you a player? 
.. . Here's a new generation of wristwear made just for you with multiple options to track your plays. 
* organize. calculate. schedule. remind. the player collection 
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ONLY THE NEW FORD F-150 
BROUGHT HOME THE PRESTIGIOUS 
1997 MOTOR TREND 


IT'S THE ONLY TRUCK 
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LHE NEW FORD F-SERIES. 


CHE = ONLY TRUCK IN ITS CLASS 
ee ae WITH AVAILABLE OVERHEAD CAM 
Mi V-8 ENGINES — INCLUDING THE 
zs NEW 541. TRITON™ V-8. 
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Research by Kevin Miller * 


Power for the Thrifty 


COMPAQ'S ARMADA 1500 strikes a bal- 
ance between the portable features we 
love and the ones we can afford. The 
1500 comes with a Pentium 120- or 
133MHz processor, 16MB RAM, an 11.3- 
or 12.1-inch color display, a 10X CD- 
ROM drive, and a 33.6Kbps modem. 
And it has a built-in AC adapter, so 
you only need a 
power cord when 
traveling. Prices $E уй ў E a 
start at $1,999. — 
www.compaq.com 


Г, | am j? 
т ааш "e WE ъъ 


THE SLEEK Model 500 Nozomi is the fastest train in 
commercial operation, claim West Japan Railway offi- E 
cials. While France's TGV attains the same top speed, 
186 mph, the Nozomi beats the TGV's average speed 
between stations, achieving 163 mph versus 
the TGV's 157. The officials cite a new, 
aerodynamically improved 
design, lighter cars, and ? 
more powerful engines 
for the higher speed. 
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Power Swing 


WITH ITS FUSION softball bat, 

Dudley moved weight from the handle to 
Б the barrel for greater swing momentum. А 
double-wall barrel uses aluminum for flexibility 

and graphite for strength. This design, Dudley says, 

b can add 10 to 12 feet to a drive. Legal for National Softball 
Association and Amateur Softball Association play. Price: $250. 
Dudley Sports, 521 Meadow St., Chicopee MA 01021. 
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Open-Air Off-Roading 


THE CHEEP—not cheap— prototype all-terrain coupe 

was built for off-roading. Stylist Bernd Michalak fit plastic 
body sections to a Jeep Wrangler chassis with a 2.5-liter 
118-horsepower engine, five-speed manual gearbox, and 
Command Trac 4WD driveline. The central glass roof is 
partially removable. Bernd Michalak, Industriestr. 3, 
55120 Mainz, Germany. 


Keep Your Stuff Visible 


THE WAKE concept work space is 
designed to help you work more effec- 
tively. By providing vertical spaces to 
place your computer, papers, phone, 
and other office equipment, this work 
area keeps important items visible at 
all times. Haworth Inc., 1 Haworth 
Center, Holland MI 49423. 
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8 Egging on the Video 

i » PANASONICS APTLY named EggCam captures video and transmits 
Ў ЇЕ across the Internet via video e-mail snippets or as live videocon- 

^ ferencing. The $199 package includes the camera, a video-digitizing 

4 board for Windows PCs, and CU-See-Me conferencing and VideoLink 


e-mail software. A $149 kit for Windows PCs or Macs includes only 
the camera and software. www.panasonic.com 
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GERALD KOOYMAN, SCRIPPS INSTITUTION OF OCEANOGRAPHY 
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Eyeball Paintings 


INSTEAD OF displaying an image first so 
you can then look at it, the Virtual 
Retinal Display uses a beam of colored 
light to paint the image directly onto 
your retina. You see the image as 
though you were looking at a 14-inch 
video monitor sitting at arm's length. 
Applications could include handheld 
communications devices or visual over- 
lays for pilots and surgeons. Microvision 
Inc., 2203 Airport Way South, Suite 
100, Seattle WA 98134. www.mvis.com 
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Image projected 
| onto retina 


ı Retinal scanner 


Double the Spark 


TWO SPARK plugs are better than one. That's the theory 
behind Alpha Romeo's new Twin Spark 16-valve 1.6- and 
1.8-liter engines. One spark plug fires at the beginning 
of the fuel cycle and a second, smaller one sparks at the 
end of the cycle. This ensures that no unburned fuel 
reaches the catalytic converter, thus reducing emissions. 


Urban Simulator 


RESEARCHERS AT UCLA have combined 
3-D models with aerial and ground 
photographs to create an computer 
rendition of urban Los Angeles, accu- 
rate down to the texture of buildings 
and graffiti on walls. Urban planners 
and designers could use the simula- 
tion to analyze traffic patterns. 


Penguin in White 


A PENGUIN in an all-white tuxedo? This five-month-old 
emperor penguin is the first one ever documented. Ger- 
ald Kooyman, a University of California, San Diego, sci- 
entist, spotted the rare bird while conducting a penguin 
census in December. The bird is not an albino, which 
lacks pigment, he says; rather, its coloration is probably 
the result of recessive genes for white plumage. 
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NEW EAGLE F1. 


> ADRENALINE ON WHEELS. 


This is what you call Serious Freedom. Freedom to sit back and 
X enjoy the rush. Freedom that comes from knowing 
#, 
al | you have race-bred dual aquachannels sweeping 
il Ө” water aside for superb wet traction. And knowing 
ТА АЕ, . | | ) 
‚? that new Eagle F1 comes from the engineers that created 


Formula One and Indy car racing Eagles. Serious traction. 


Discover it with new Eagle F1. Only from Goodyear. 


= z W Race-bred dual-aquachannel tread pattern and 
multi-radius cross section. 


3 3 = 
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E Exclusive Goodyear AATRAX™ tread compound. 


B UTQG AA wet-traction rating. 


— E Owr quietest ultra-high-performance tire yet. 


Call 1-800-GOODYEAR for a location near you. 
Web site: www.goodyear.com 
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Easy Cutter 


THE BOTTOM handle of 
NT d Fiskars PowerGear Bypass 
Pruner rotates for extra cutting 

power. And for more comfort, the 

gear-driven handle can be adjusted to fit 
small or large hands. The $35 pruner cuts 
branches up to 3/8 inch in diameter. Fiskars, 
780 Carolina St., Sauk City WI 53583. 


MARCUS ACHARD 


Color-Coded Phone 


A FIVE-LINE by 16-character color active-matrix display 
makes the Siemens g1250 GSM handset easy to operate. 
Colors differentiate among the services and selections. 
The 5.6-ounce phone provides 4.25 hours of talk time 
or 85 hours standby on one lithium-ion battery. Price 
depends on service provider. www.siemens-wireless.com 


Functional Fiat 


DESIGNED TO CARRY six people and their luggage com- 
fortably, the Fiat Multipla concept car puts space- 
saving design ahead of stylish looks. With seating set 
up in two rows of three, the MPV also features 18 cubic 
feet of storage. A distinctive three-level headlight sys- 
tem places main beams below the windshield, lower 
beams in the nose, and fog lights in the bumper area. 


Students, Start Your Robots 


THE OBJECT of the game is to get your robot to snare 
assigned inner tubes and place them on a 9-foot-tall rack 

to accumulate points. The robot with the most points wins. 
High school students from the Hartford, Connecticut, area 
and engineers from United Technologies teamed up to design 
and construct these robots in six weeks for FIRST, a national 
competition held this April in Orlando, Florida. 


VCR/Receiver Combo 


YOU CAN CUT down on the components needed for a 
home-theater system with Sony's SLV-AV100 VCR/re- 
ceiver. The $699 machine combines a hi-fi VCR, an 
AM/FM tuner, and a receiver equipped with Dolby Pro 
Logic surround-sound circuitry. For the home-theater 
effect, merely add some speakers and a TV. Sony Corp., 
1 Park Dr., Park Ridge NJ 07656. www.sony.com 
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Questions about our Free Carton Offer? 
Call us at t 1-800- 74-DOR AL (36725). 


PACK SEALS WILL ONLY BE ACCEPTED WHEN AGCOMPANE:D BY 
A FREE CARTON ORDER FORM. 


OFFER RESTRICTED TO SMOKERS 21 YEARS OF AGE OR OLDER. 
MANUFACTURER'S OFFER. OTHER RESTRICTIONS APPLY. 
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MARCUS ACORD 


Real Power to Go 


NEED MORE RUN time from your laptop? The 7-Hour Portable Pack, 
from 1-800-BATTERIES, powers your portable for as long as— 
what else?—seven continuous hours. The lead-acid pack is big, 
but a mere 2/s-inch thick. The three-pound $149 pack comes with 
its own charging gear; connecting cords are available for major 
laptop brands and cost an extra $50 apiece. 
www.&00batteries.com 


Underwater APS 


CAMERA BUGS WHO snorkel and swim can now 
buy the first Advanced Photo System (APS) 
underwater camera. Minolta's Vectis GX-4 
withstands depths to 16.5 feet. Don't worry 
about dropping the camera overboard: The $175 
GX-4 floats. Minolta Corp., 101 Williams Dr., 
Ramsey NJ 07446-1293. www.minoltausa.com 


Super Sweet Spot 


HITTING A TENNIS BALL with the sweet spot, or center, of 
the racket brings maximum control and power. Now, the Star- 
maker system sweetens the whole racket head. The secret? 
. Setting each string at a different tension, says the manu- 
| hS facturer, Cogito Holdings Ltd. While the racket is being 
E strung, Star Locks hold each string in place, while Star + 
Guide, a pocket computer, computes the tension re- 
quired. The computer can store the figure for future 
reference. Price: $130 for Star Locks and Star Guide, 
$75 for a set of Star Locks. www.racquetscience.com 
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Safety with Style 


MAZDA AND New Woman magazine have 
teamed up on a concept Protegé. It has 
tortoiseshell door accents and trim on the 
exterior, plus leopard-print rugs inside. For 
safety, the interior is lit from the floor, which 
obscures the driver's features and enables her 
to check the rear before entering. 
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Shown with available equipment. "J.D. Power and Associates 1000 Automotive Performance, Execution and Layout (APEAL) Study Study based on a total 25,402 consumer responses. '* Excludes other GM vehicles. 
TAlways шй safety halts, even with air bags. ©1006 General Motors Corporation, All rights reserved. GM, GMC, Yukon and the GMC logo are registered trademarks of General Motors Corporation. Buckle Ор, America 
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THE UNABRIDGED VERSION 
OF IHE SPORT UTILITY VEHICLE. 


With an unedited interior volume of 
178 cu ft, the Yukon four-door is a 


definitive piece of work. And it's 
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comíort and performance. 


AN INTRIGUING STORY 
OF POWER. With an exhila- 
already getting excellent reviews. rating 255 hp engine, the 


AN AWARD THAT SPEAKS 
VOLUMES. J.D. Power and 


Associates 


Yukon has the most horse- 
power in the fullsize utility 


class** And because safety 


\ has = ie matters, every Yukon comes 


ranked Yukon the most with standard dual air bags: So browse 


appealing fullsize sport www.yukon.gmc.com ОТ call 


utility,* based on owner toll-free 1-888-4A-YUKON. 
ratings of over 100 And learn why Yukon is the last 
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attributes including style, word for dominating the road. 


YUKON 
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Hushed Sander 


NOW YOU CAN SAND without the usual roar. Whisper 
Series sanders run at 82 decibels—making them one 
third less noisy than other models. The sanders rely on 
a very efficient fan, a belt with smaller air 

pockets, and metal-to-metal gearing that's de- 

burred for a smoother fit. Prices: $236 to $265. Porter- 
Cable Corp., Box 2468, Jackson TN 38302. 


Bass Boomer 


SONY TAKES the tall-boy approach 
with its XS-TL1 model car subwoofer. 
It packs an amplifier, speaker, and 
electronic crossover into a 16- by 8- 
inch package. The main space saver 
is the 100-watt amplifier, which is 
on a 6-inch PC board and doesn't re- 
quire the heat sinks normally seen on 
car amplifiers. Sony Corp., 1 Park Dr., 
Park Ridge NJ 07656. www.sony.com 
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Electric Gizmo 
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THE TILT-CANOPY Gizmo swells the growing ranks of neigh- 
borhood electric vehicles. Registered as a motorcycle, this 
three-wheeled EV tops out at 30 mph and is powered 
by a 3.5-horsepower motor. The less-than-$6,000 Gizmo 
has a 20- to 30-mile range on a three-hour charge of its 
four lead-acid batteries. Neighborhood Electric Vehicle, 

Box 11319, Eugene OR 97440. www.nevco.com 


AY 1 PY Lighter Stick, 
? L Faster Shot 


A DIFFERENT TYPE of 
hockey stick has been putting 
the puck in the net in the Na- 
tional Hockey League. Graphite 
sticks are stiffer and lighter than 
their wooden and aluminum counter- 
parts, and they offer more vibration 
dampening for less painful shooting. 
Now ProKennex unveils the lightest 48- 
inch stick to date, the 83/4-ounce Graphite 
Microlite Pro 8000. Price: $125. ProKennex, 


9606 Kearny Villa Rd., San Diego CA 92126. 
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MAXIMIZE YOUR performance off-road Longest Zoom 
with a buddy on Outland Designs' tandem 
bike with Virtual Pivot Point (VPP) sus- 
pension. To maintain pedaling efficiency, 
VPP balances the riders’ downward pedal- 
ing movement with an equal and opposite 
upward force on the frame. The $7,100 
tandem will be available in late summer. 


CANON'S ES970 8mm cam- 
corder sports the first 22x 
optical zoom lens. (Higher- 
power digital zoom lenses 
don't capture more detail, 
they merely magnify the d 
highest-power optical image 


A таные N Sae MENGAN; l captured.) Other features * 
| 5 include Advanced FlexiZone 4 
: Auto Focus, which lets you 
: select the focal point in the 1 
frame, and built-in editing func- " 
tions. Price: $799. Canon U.S.A., 
1 Canon Plaza, Lake Success NY ¥ 
11042. www.usa.canon.com 1 
* 
Signal-processing | 
module ' 
мы 
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Wide-range 
speakers 


High-Tech 
Woofers 


A NEWLY engineered 
Bose music system that in- 
corporates radical Bose Nd 
speaker technology is standard 
equipment in the 1997 Corvette. 
The lightweight 8-inch-diameter Bose Nd 
speaker uses a helical voice coil, flat aluminum 
wire, advanced adhesives, and a neodymium-iron- 
boron magnet. It's thin enough to fit within the tight confines of the 

Corvette's front doors, offering better sound than rear-mounted woofers. 


woofers 


Internet to Go 


READ YOUR E-MAIL, log on to America Online or 
CompuServe, or browse the Web without your computer 
at a GTE Cyberbooth. Swipe a credit card and you're 
connected for 33 cents a minute. The first installations 
will be at airports in Dallas, Seattle, and New York. 
Atcom Info, 308 G St., San Diego CA 92101. 
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Phone calls will never be the 


same. But then. neither will PCs. 


The Intel Pentium” processor 
with MMX" technology, com- 
bined with a video phone. 
makes PCs more exciting and 
an Intel Video Phone with 


ProShare" technology. which takes advantage of 


intel. 


Without Intel's Video Phone, you could 
get thé wrong impression about the new arrival. 


Intel MMX media enhancement technology. will 
give vou smoother video right over your existing 
phonc lines? 

Talking PC-to-PC feels more like talking face-to- 
face. To see a demonstration of Video Phone on a 
PC that has a Pentium processor with MMX tech- 
nology. visit vour computer retailer. And see what 


everyone's been talking about. | > wwwintelcom | 


The Computer Inside. 
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Smooth and Shifty 
Е 
NOTHING GETS a mountain biker grumbling faster than slow 
and rough gear shifting. Ritchey Design’s solution: its 2x9 1 
Drive drivetrain. Ritchey dropped the often-problematic third " 
front chain ring, or granny gear, and added a ninth sprocket in 
the rear. The resulting 18-speed gearset shifts more smoothly 
and is lighter and more compact than conventional drivetrains. 3 
Price: $160 for steel, $240 for titanium. www.RitcheyLogic.com 
+ 
4 
The Science of Play i 
THIS SUMMER, a 30,000-square-foot ¥ 


playground devoted to science 
opens—the largest in the Western 
Hemisphere. The playground has 4 
м more than two dozen elements, such 
as these two sliding tubes, whisper 
dishes, and a yellow speaking tube 
that wraps around the main blue А 
spine of the exhibition. New York Hall 
of Science, 47-01 111th St., Flushing 
Meadows Corona Park NY 11368. 
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Rocks on ROM 


DK MULTIMEDIAS Earth Quest 
CD-ROM is quite literally full of 
gems—not to mention rocks, 
crystals, and minerals. You can 
explore all of the Earth’s sub- 
stances in the Earth Gallery, 
watch accelerated geological processes that span 
millions of years, travel through 3-D landscapes, 
and make your own earthquakes and volcanoes. 
For Windows PCs or Macs, $29. www.dk.com 
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Roomy Protector 


MARCUS ACCORD 


KENSINGTON'S SMARTSOCKET Adapter Model surge protectors are distinctively 
designed to provide room for six bulky AC adapters. Other user-fnendly 
features include color coding for cords, and one phone jack. Price: from $30 

to $50, depending on joule rating and warranty for protected equipment. Kens- 
ington Microwave, 2855 Campus Dr., San Mateo CA 94403. www.kensington.com 
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THAT's NEW 


+ Size It Up 
ý THANKS TO A new fence system, DeWalt's portable 10-inch Heavy Duty 
f Table Saw DW744 can handle the work of a bigger tool. The telescoping 
Я fence, which extends to accommodate materials as large as 4 by 8 feet, 

uses a rack-and-pinion design that keeps the fence parallel to the blade 
e for accurate cutting. The DW744 weighs 64 pounds and features a dust- 


collection system and a cast-aluminum tabletop that’s coated to pro- 
tect the workpiece from scratches. Price: about $900. 


Ultrasonic sensor 


Smart Airbag 


A NEW SYSTEM controls the direction in which 
an airbag deploys, so it's safer for children. 
An infrared sensor detects heat, so it 
"knows" where the passenger's head is. 
An ultrasonic sensor measures the dis- 
tance between the passenger and the 
airbag cover, so the airbag won't deploy 
when it would be dangerous. Developed by 
EG&G of Wellesley, Massachusetts, the system is 
expected to be mass-produced early next year. 
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Crash sensor - J 


Scan and Translate 


RUN THE IRIS PEN Translator over text printed in French 
and your computer will speak the words to you in Eng- 
lish. The highlighter-size scanner sends the text as an 
image to your computer, where software included in the 
package performs optical character recognition, transla- 
tion, and text-to-speech conversion. Price: French $499, 
English-to-Japanese, $569. I.R.I.5., 1600 N.W. Boca Raton 
Blvd., Suite 20, Boca Raton FL 33432. www.insusa.com 


Racing with Solar Power 


THE UNIVERSITY of Illinois at Urbana-Champaign’s 
Photon Torpedo solar car lost weight for Sun- 
aii rayce "97, a biennial solar car race that 
79 pits 40 cars from engineering schools 
oo" around the continent against one an- 
other. The new car's all-aluminum body is 40 percent 
lighter than the previous model's, making it 
especially competitive for this year’s race, which 
starts June 19 in Indianapolis. www.sunrayce.com 
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Of all the speculation about the new Corvette 
over the years, the biggest misconception was 
that it would be a sort of warmed-over C4. 

This was because of the way we masked all 
of our prototypes to make them look like C4s. 
We certainly didn't try to dispel this notion. 


rl: 


E engine is entirely new: aluminum, deep-skirt, c 
345 hp at 5600 rpm, 350 ft.-Ibs. of torque at 4400 rpm. 


In fact, we were so tight-lipped about the C5 
all along that I think people just assumed we 
had nothing to say about the car. 

When the reporters finally drove it, they were 
probably a little awestruck that the Corvette had 
been reinvented: And, in fact, there are only a few 
holdover parts on the car; everything else is new. 
But that was the intention all along, to make the 


new Corvette a big surprise, a revolution. 


To Change A Classic The big dilemma right from 
the outset was how much change to incorporate 
into this new car. The goal was to maintain the 
spirit and soul of past Corvettes. We examined 
the weak points and turned them into strengths. 
I like to say the things that were good, we made 


great, and things that were great are even better. 


. This became our top priority. 


Ride, Handling, Structure The performance 


{The honest-to-goodness truth 


Announcing the L 


By David Hill, Chief " 


In fact, there was even some concern about 
making the car too civilized, and maybe people 
would lose their fascination with the Corvette. 
When this was researched, we were all surprised 
to find that far more important than how this car 
looked — three times more important — was 


how good it was, how dependable and reliable. 


| The new center tunnel structure and hydroformed perimeter 


numbers are impressive [175 miles-per-hour, complete novice will feel the difference in ride | 
0-60 in 4.7 seconds (manual), 345 horsepower; quality. You can go 500 miles or more in one 
speculation about all these numbers has been sitting and still be in really good, alert shape, 
true], but it’s the ride and handling that really with a clear head and clear hearing, because 
make the C5 a different car. the ride has been quiet and easy. 
The handling is easy, natural, free of surprises; We had some people drive the car from Ohio 
* 


you wouldn't have any hesitation about sendinga ^ down to Florida and Arizona. They talked about 


friend out to drive this Corvette. Even the most how good they felt because the car is very kind. 
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about the C5 Corvette, after all.} 


sath of Speculation. 


Corvette Engineer 


hine make the new Corvette 450 percent stiffer than the ca} 
~ 
_ More than anything else, the improved ride 
i is the result of increased rigidity. Structurally, 
the C5 is 450 percent stiffer than its predecessor, 
and it shows. This stiffer structure allows the 
| new SLA (short-arm, long-arm) suspension to 
do its job properly. 
No other car has achieved the feeling of a very 


expensive touring sedan, even though it's a high- 


performance sports car, and even though the one we asked felt the same way, from average- 


roof is removed. In fact, the C5 has the stiffest size people to professional football players who 


frame of any open-roof production sports car. 


attended a seminar we held in Chicago. 


It's solid; it communicates an unprecedented 
level of goodness because of its breakthrough, 


best-of-class kind of structural integrity. 


Entry, Egress, Leg Room Now the interior space 
is expanded due to the extended wheelbase and 
the new rear-mounted transmission and fuel 


system layout. There’s more leg room, and 


we made entry and egress easier. 


No matter how much someone says that a sports | The C5 transmission is located in the rear for better | 
weight distribution and increased interior space. 

car should be challenging, we found that while 
people will put up with minor inconveniences, The Next Corvette While the C5 is in some senses 
they'd much rather not be hassled by a саг, Even а traditional small-block V8 Corvette, it really is 
sports car drivers want leg room, and they like a different car than the Vette you've known. It's 
to get in and out of their car easily. Almost every- different in ways I think people will appreciate. 

It's been a long, challenging project, and it's 
been hard to keep quiet about this whole thing 
all this time. Now the new Corvette is real. And 
now all those years of speculation end right here: 
with our new car, right on the showroom floor. 

As for the speculators and spy photographers, 
| guess their work is done. 


Then again, there's always '98. 


Call 1-888-NEW-VETTE 
or visit www.chevrolet.com 


Corvette and the Corvette Emblem are registered trademarks 
of the GM Corp. ©1997 GM Corp. Buckle up, America! i 
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to these Sci-Trek episodes every Monday f 
at 9 pm & 12:00 am ET/PT Я 
Hubble: Secrets тот Space june 30 х 
Creatures of the Abyss July 7 
Secrets of the Pharaohs July 14 
Loch Ness Discovered July 21 
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See the “You View It, You Do It” logo 
in selected commercial breaks 

* Call the 800 number on the screen 
Enter to win! 


Grand Prize 

Win one of these outof-this-world exploration trips: 
Go stargazing in Arizona, 

Explore Hawaii's marine life by submarine, 
Cruise the Nile & Visit the Pyramids, or 

Search for the Loch Ness Monster in Scotland. 


And, once you've returned to the Earth's 
stratosphere, futurize your home with a $15,000 
bedroom makeover courtesy of Simmons* Company 
complete with a World Class Beautyrest® Mattress. 
You will also receive a high-tech visual optics 
package courtesy of Pearle Vision? to include a top 
quality telescope, camera and camcorder. 


Plus, 2000 Instant-Win Prizes 
from Discovery Channel and Pearle Vision. 


No purchase necessary. Open to legal US. residents, 18 or older who reside in a household which, as of 6/3/97 15 
a cable or satellite subscriber and receives Discovery Channel. Sweepstakes ends 7/22/97 at 1-15 am EDT and 
PDT, 12:15 am СОТ, 2:15 am MDT. Void in Florida and where prohibited. For entry information watch Discovery 
Channel between 6/30/97 and 1/22/97. Prizes/Values: (1) Grand consisting of a Sci-Trek Adventure Trip for Tw 
Camera, Canon EF Lens 28-08 1/35-45 USM courtesy of Pearle Vision/$34.950, (20001 Instant - (40) Bausch&Lomt 
Legacy Binoculars/$157 courtesy of Pearle Vision, (500) Discovery Channel T-Shirt /515; | 1460) Discovery Channe 
Baseball Cap/$9. Odds of winning depend on number of entries received. For Official Rules, send seli 
stamped envelope to: YVIYDI Sweepstakes/RULES, PO. Box 3243, Elgin, IL 60121-3243 © 1997 DCI 


ALEX REARDON 


WITH THE MILLENNIUM approach- 


ing, foretelling the end of the world 
is a popular pastime. But two Uni- 
versity of Michigan astrophysicists 
aren’t so shortsighted: They’re pre- 
dicting not just the end of human 
history, but the end of the universe. 
The theory advanced by Fred 

Adams and Greg Laughlin paints a 
bleak picture. In a paper presented 
at the American Astronomical Soci- 


ety's annual meeting, the astrophysi- 


cists describe a distant "Dark Era" in 
which the sun has long ago burned 
out, taking Earth with it. In fact, all 


Stretchv Plastic 
3trertci ly Fiastic 


EVERY YEAR, 13 BILLION pounds of polypropylene are turned 
into products ranging from toys to Tupperware. The rigid plas- 
tic material has been a part of our daily lives for nearly 50 


Hard polypropylene 


By rotating rings attached 
to a catalyst, scientists 
can produce either hard or 
soft polypropylene. 


Soft polypropylene 
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come in 100 trillion years. 


the stars have fizzled. All that re- 
mains in the lifeless universe is a 
cold thin soup of subatomic parti- 
cles and radiation. 

The new model of a dying uni- 
verse 1s divided into eras much like 
those used to describe Earth's geo- 
logical stages. According to Adams 
and Laughlin, we are now in the 
"Stelliferous Era," a time when stars 


disintegrate, leaving only supermas- 
sive black holes that will gobble up 
any remaining matter. This period, 
the “Black Hole Era,” is the longest. 
Finally, even the black holes will 
radiate their energy away, and the 


are the dominant force in the uni- 


I& 3H2HYW оноо 


verse. The end of this era should 


Next comes the “Degenerate Era,” 
during which most matter will exist 
in the form of stars in their death 


universe will enter the final era. 
What happens after that? "We don't 
have enough information after that 
point to even begin to speculate," 
says Adams.— Steve Douglass 


throes: brown dwarfs, white dwarfs, 
neutron stars, and black holes. 
Eventually, even these objects will 
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CHEMISTRY 


years. But now scientists have found a way to manufacture 
polypropylene in a soft and stretchy form better suited for 
such products as diapers. That’s good news for baby. 

Stanford University chemist Robert Waymouth and for- 
mer graduate student Geoffrey Coates synthesized the rub- 
bery polypropylene with the help of an 
>. “oscillating catalyst" that changes shape 
ЕС BH during a reaction. Depending on its shape, 
| M the catalyst controls the way propylene 
monomers are hooked together in a grow- 
ing polypropylene chain. That, in turn, 
determines whether the polypropylene 
is better suited for Tupperware or for diapers. 

Amoco has licensed the technology, and plans 
to use the elastic plastic for such products as 
medical tubing and automotive interiors. The new 
material is recyclable and is expected to cost 
less than other flexible plastics.—Alison Davis 


Propylene - 
monomers 
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SCIENCE ECHNOLOGÍI 


Sterilization 
Without Surgery 


A NEW TECHNIQUE developed by 
an Oregon radiologist may eventu- 
ally provide safe, inexpensive, and 
potentially reversible sterilization 
for women. Sterilization is the most 
widely used form of birth control 
in the United States. 

Called Selective Tubal Occlusion 
Procedure, or S/TOP, the tech- 


nique involves the insertion of stain- 


less steel coils into the fallopian 
tubes. Only a few centimeters long 
and less than a millimeter in diame- 
ter, the coils are inserted through 
catheters using X-ray guidance. 


Crash Landing 


IN MAY 1980, ONLY DAYS after eight U.S. servicemen lost their 
lives in a failed attempt to rescue 53 American hostages 
being held in Iran, Pentagon officials began planning a 
second and even more daring rescue operation. The new 
plan called for commandos to land on a Tehran soccer field 


in a wildly outfitted aircraft. 


The $30 million top-secret project, revealed only a few 
months ago by Jane's Defence Weekly, was code-named 
"Credible Sport." It called for Lockheed-Georgia, manufac- 
turer of the C-130 transport plane, to carry out radical 
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They prevent pregnancy by interfer- 
ing with the movement of eggs and 
sperm through the fallopian tubes. 

A trained gynecologist can per- 
form the procedure in about 10 
minutes, according to its developer, 
Dr. Amy Thurmond of Legacy 
Meridian Park Hospital in Tualatin, 
Oregon. No surgery or anesthesia 
is required, and the coils can be re- 
moved later if the woman desires. 
In contrast, the tubal ligation pro- 
cedure used for most female steril- 
izations requires surgery and is 
effectively irreversible. 

S/TOP has been tested on rab- 
bits with 100 percent effectiveness 
in preventing pregnancy, and hu- 
man testing could begin soon. Con- 
ceptus Inc., the company hoping to 


Tiny steel coils on 
catheter Inserted 

Into a woman's 
= fallopian tubes 
„ could prevent 
pregnancy. 


bring 
S/TOP to 
market, has 
completed initial 
feasibility studies 
and is now negotiat- 
ing with the FDA for | 
clinical trials. Should the & 
tests of retention, safety, 3 
and contraceptive ability 
be passed successfully, large- 
scale trials will follow. Each 
phase of testing takes several 
years, so it may be five years or ` 
more before the S/TOP proce- 
dure becomes available to the pub- 
lic. “For nonsurgical sterilization, 
there’s nothing comparable on the 
horizon,” says Julian Nikolchev of 
Conceptus.—Kai Wu 


They also mounted four pairs of Shrike rockets beside the 
main landing gear to aid in a controlled descent. 


wing for stability. 


To enable the aircraft to take off while weighed down 
with 150 people, the engineers added four Mk56 rockets 
on each side of the fuselage, a pair of ASROC rockets 
under the tail, and a pair of Shrike rockets under each 


Credible Sport was scrapped after the ASROC retrorock- 


modifications to two of its C-130s in only 60 days. The 


ambitious, and risky, goal: to enable the aircraft to land 
on a field with 33-foot-high obstacles at each end. 
To slow the C-130s for what would essentially be a 


controlled crash landing, Lockheed engineers installed four 
pairs of ASROC antisubmarine rockets around the cockpit. 


In-flight refueling 
receptacle 


Terrain-following 
radar — 


Forward-looking 
infrared 
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Shrike stabilizer 


rocket: descent 


ASROC retrorockets 


Vertical Shrike 
-rockets to cushion 


ets on one of the experimental C-130s fired prematurely 
during a test landing, ripping off the transport plane's 
right wing. In the future, hostage rescue missions could 
be carried out by the tilt-rotor V-22 Оѕргеу.— 5.0. 


Rockets added to a C-130 were supposed to enable 
the heavy-lift aircraft to land and take off from a soccer 
field in Iran. Radar and infrared systems were designed 
to help the aircraft find the field at night. 


non use di 
Horizontal stabilizer / f | 
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-ASROC takeoff 
booster rockets 


Mk56 rockets for takeoff thrust 
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| Brain Transplant 
1 for Chickens 
IFIT LOOKS like a chicken and walks 
i like a chicken, but bobs its head like 
|  aquail, then what is it? In this case, 
it’s a hybrid of both species, created 
4 ا‎ by a scientist in California. The 
po f zany bird may provide in- 
| sights into treat- 
7 | ing human | 
brain diseases 
i and injuries. ^2 
к | Neurobi- - 
" | ologist Evan 
_ Balaban of 
r | The Neu- 


rosciences Ín- 

| stitute in La 
4 | Jolla, Califor- 

{ nia, used micro- 
surgical tech- 
niques to trans- 
plant cells from 
the brains of 
Japanese quail 
embryos into the 
brains of Plymouth Rock chick em- 
bryos. The chicks that hatched had 


Too Much Nitrogen 


BECAUSE OF human activity, Earth is 
suffering from an excess of nitrogen, 
and the result is worldwide biological 
havoc. That's the conclusion of a 
panel of ecologists headed by Stan- 
ford University biology professor 
Peter Vitousek. 

The glut arose because, over the 
past decade, humans have doubled 
the rate at which nitrogen gas in the 
atmosphere is "fixed" —chemically 
converted into compounds that can 
be used by plants and animals. The 
excess nitrogen has disrupted one of 
the planet's fundamental cycles. 

"Fixed nitrogen is essential for all 
life, but the added nitrogen is liter- 
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This otherwise normal chick bobs its head 
like a quail. As an embryo, some of its 
brain cells were replaced with a quail's. 


a transplanted behavior: They bob- 
bed their heads rapidly while crow- 
ing. Chicks don't normally make 
these head movements, but quail do. 
In a related experiment, Balaban 
transplanted another portion of the 
brain, creating chicks that sing like 
quail without bobbing their heads. 
Balaban believes that his work 
with birds, which demonstrates 
that some behaviors can 
be innate, may also 
sive insights into 
how the structure 
of the brain has 
evolved. It 
might eventu- 
ally provide 
clues about 
how to restore 
capabilities 
to people with 
brain damage. 
So far, however, 
other researchers 
have had only lim- 
ited success with 
transplanting tis- 
sues into the brain 
to treat such diseases as Parkinson’s. 
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— David Graham 
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ally too much of a good thing," says 
Vitousek. It is leaching soils of other 
nutrients; increasing the acidification 
of surface waters, which decreases 
biodiversity; clogging the coastal 
ocean with nitrogen-hungry algae; 
and spewing nitrogen compounds 
into the atmosphere, where they act 
as ozone destroyers, greenhouse 
gases, and pollutants. 

The principal villain in this sce- 
nario, says the Vitousek report, is the 
burgeoning, and often unnecessary, 
worldwide use of nitrogen fertilizers 
in agriculture. Among the solutions 
the scientists propose: applying fer- 
tilizer only where it is needed, as 
well as restoring nitrogen-trapping 
wetlands.—Arthur Fisher 


Sex Gene Found 


WHAT ROLE DOES heredity play 
in sexual behavior? The question is 
at the root of much of the modern 
controversy over what determines 
who grows up to be homosexual 
rather than heterosexual. 

"There has been speculation 
recently," says Stanford University 
biologist Bruce Baker, "that no sin- 
gle gene could control a complex 
behavior [like sex]." But he says that 
work done at Stanford, along with 
that of other researchers at the Uni- 
versity of Texas Southwestern Med- 
ical Center, Brandeis University, 
and Oregon State University, shows 
that a single gene can do so, at least 
in male fruit flies. 

Working as a team, scientists 
from the four universities have 
isolated the gene that controls all 
or most sexual behavior in male 
fruit flies. It is the first discovery of 
a single gene that operates in the 
brain to govern a complex behavior 
in adult animals. 

For many years, geneticists have 
been on intimate terms with the 
gene, named fruitless, or fru for 
short. It was known to influence 
sexual orientation: Male fruit flies 
with a mutated fru gene cannot tell 
male from female when courting. 
But the new research shows that the 
gene also controls all or most of the 
stages of the intricate male court- 
ship ritual, from its first arousal of 
interest, to its rhythmic courtship 
song (produced by vibrating one 
wing), to its mating trials. 

Could human sexual behavior 
be similarly moderated by a single 
gene? Probably not. “Even if a gene 
of this sort could be identified in 
humans,” says Brandeis biologist 
Jeffrey Hall, “that does not mean it 
would solely determine behavior. 
By definition, those actions are also 
influenced by upbringing and envi- 
ronment, even in flies."—A.F. 
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LANGUAGE 


Endangered Speech 

OF THE WORLD'S estimated 6,000 
languages, between 20 percent and 
50 percent are no longer spoken 

by children. 
“These lan- 
guages are 
obviously 
headed for 


extinction 
unless there 
are radical 


changes," 


savs Michael 


Krauss, director of the Alaska Native 


Language Center at the University 
of Alaska Fairbanks. 


Only about 300 languages are 


“safe” from extinction, he says, either 


because they have so many speak- 


SCIENCE & TECHNO 


ers—a million or more—or because 
they have strong government sup- 
port. Krauss predicts that between 
90 percent and 95 percent of lan- 
guages may be extinct or headed for 
extinction by the year 2100. Lan- 
guages are vanishing not only be- 
cause of cultural assimilation but 
also because, in some places, those 
in power force minorities to give up 
their native speech. 

Worldwide, languages are disap- 
pearing even faster than animal 
species. In many places, native cul- 
tures and their languages are threat- 
ened by the same forces that 
threaten biodiversity, such as defor- 
estation. "À conservative guess, over 
the next century, is that 20 lan- 
guages per year will die,” says Krauss. 

In the United States, California 
has the greatest diversity of lan- 


guages. Linguist Leanne Hinton of 


the University of California, Berke- 
ley, estimates that at least one lan- 
guage native to California goes 
extinct every year. 

What's so bad about losing lan- 
guages? Some linguists argue that 
the world is less interesting and beau- 
tiful with fewer languages. Others 
lament the loss of knowledge em- 
bedded in language—the medicinal 
uses of plants, for example. The 
loss of a language also means the 
loss of a different way of looking at 
the world. Krauss even argues that 
linguistic diversity constitutes an 
ecosystem of sorts, a "logosphere" 
within which the human species 
evolved, and on which it depends. 

Fortunately, there's an easy way 
to preserve diversitv: bilingualism. 
"You never need to lose your own 


language," savs Krauss, "since any- 


body can learn a second one."—D.$5. 


The automobile. Man on the moon. 


Electronic locks at 


Holiday Inn. Has this been an 


awesome century or what? 


We re making every Holiday Inn hotel as good as the best Holiday Inn hotel. 


Among other things, that means fast, easy-to-use electronic door locks at every hotel in the 


U.S. and Canada. A giant leap for mankind? Certainly for those staying at Holiday Inn. 
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For the Birds 


WHAT IS THE fastest-growing form 
of outdoor recreation? Bird-watch- 
ing. some 54 million Americans 
take “birding” trips, and another 

9 million observe birds at home 
feeders. The total is up 155 percent 
since 1983. And what do all these 
people need, besides binoculars? 
Birding field guides. 

Now there’s a new one to com- 
pete with old favorites like Roger 
Tory Peterson’s, Audubon’s, and the 
National Geographic Society’s 
guides. Published by HarperCollins, 
it’s the American Bird Conservancy’s 
All the Birds of North America. The 
field guide will surprise birders with 
distinctively different features from 
other guides. 


First, it prompts the novice birder 
to consult color-coded keys inside 
the book’s front and back covers— 
one for water birds and one for land 
birds. Icons showing typical silhou- 
ettes direct the user to pages that are 
also color-coded. Bird families are 
presented in a manner that makes 
identification easy, rather than in 
the strict ornithological sequence 
that is typical of some guides. 

The most visible departure 
from other books is that the 
paintings of some 800 species 
are displayed horizontally 
across the open book, with ac- 


companying text below them, ~ UN i ч 


rather than having text on one 

page and pictures on the facing page. | 
The designers of the book believe | 
this arrangement is more efficient | 
because the human eye scans infor- 
mation horizontally, not vertically. | 


^ 


О стЕМСЕ & TECHNOLOGY. 


The designers of a new book for bird 
` watchers placed pictures horizontally 
to make them easier to scan. 


Finally, a really significant 
innovation, especially for those 
! concerned about conservation 

issues: Yellow highlighting in 
the text marks species that have dis- 
appeared from a significant portion 
of their natural range; red highlight- 
ing signals those in greatest danger 
of extinction.—A.F. 


= 


lau hac ee без | ERR ae з x : 
Sweet bic ате ire pendenta: DEO apuentoparat ew. | 


=. 


35 


NEWSFRONTEÉE- 


EYUTOMOTIVE 


EDITED BY DAN McCOSH 


EMISSIONS CONTROL 


Ford's compressed natural gas 
pickup truck packages the fuel 


The Standard Bearer tanks under the bed to maintain 


useful cargo space. 


THE CALIFORNIA AIR Resources 
Board has mandated that some of 
the cars sold in the state cut certain 
emissions by as much as 85 percent 
of what most cars in the state are 
allowed. Meeting the tough new 
standard, dubbed Ultra Low Emis- 
sions Vehicles (ULEV), is a 
difficult technical achievement. 
Among the first to do so are recent 
entries by Ford: the 1997 Ford F-250 
pickup, which was built specifically 
to run on compressed natural gas 
(CNG), and the CNG E-250 Econo- ! і 
line cargo van and its passenger- | | research, Ford found that oxidizing 
carrying Club Wagon variant. | | the hydrogen before it reaches the 
Ford accomplishes this by com- | than do gasoline-fueled vehicles. ‚ oxygen sensor solves the problem. 

bining a special fuel-control strategy : Excess hydrogen can trick the oxy- : The system works so well that Ford 

! | 

: | 

: : 


- Dual in-bed tank option 
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Natural gas vehicle 
module — Midship underbody 


cylinder option 


— Fuel pressure 
regulator 


5.4L NGV engine 


Exhaust gases from CNG- and 
methanol-fueled vehicles contain 
higher concentrations of hydrogen 


Through its methanol-vehicle 


with a preconditioning catalyst that gen sensor into misreading a gas was able to eliminate the engine's 
oxidizes hydrogen in the exhaust exhaust mixture as being too rich, 
stream before it reaches the vehi- leaning out the mixture. The result 
cles' three-way catalytic converters. is poor emission control. 


usual exhaust gas recirculation 
device, enhancing economy and 
lowering emissions.—Ron Cogan 


PREVIEW DRIVE 


Navig ati ng Luxu ry SUV Territo ry ier than Expeditions— 5,150 pounds for the two-wheel-drive 
version, 5,557 with four-wheel drive. This added weight, along 


THE BIG LINCOLN grille, reflector headlamps, and plastic with its slightly softer suspension tuning, made the Naviga- 
side cladding on the Lincoln Navigator lend a distinctive tor's progress very deliberate on the mountain roads east of 
appearance, but you've seen the essential vehicle before. San Diego during a day of driving last winter. Similarly, it was 
Beneath its finery, the Navigator is a Ford Expedition. capable but ponderous in a semidifficult off-road test in the 
Like the Expedition, the basic Navigator is offered with rocks and sands of California's Anza-Borrego Desert State Park. 
rear drive; Ford's automatic Control-Trac four-wheel-drive The Navigator will have the powerful 5.4-liter version, with 
system costs extra. Unlike the Expedition, the Navigator is 230 horsepower and 325 foot-pounds of torque, of Ford's V8 
loaded with luxury features that include auto- o... truck engine as standard equipment. 
matic air conditioning, leather seats, sev- 27 rz сле соф That's good, because it needs it. 
eral board-feet of burl walnut interior 7 | On the other hand, the Naviga- 
trim, premium audio, quad captain's | | tor's power-to-weight ratio 
chairs, and accommodations for eight. , А pum -— stacks up pretty well versus 
Loaded has another dimension here. "ч Была ОТО! pp its target competitors. 
Navigators аге up to 350 pounds heav- Ж | س‎ thi mu Со will its pricing, which 
| =" | 15 expected to start just 


Beneath the luxury skin of the AN vw Ў, н 
Navigator, Lincoln's new sport-utility, е) | 3 slightly under $40,000. 


i c dil 1 
is the hefty soul of a Ford Expedition. i V —lony Swan 
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The Silent Supercar 


IS A LOW-VOLUME electric supercar 
on the horizon? Yes, if there’s suffi- 
cient demand for the car, says U.K.- 
based Zytek Automotive Ltd., which 
has developed an attention-grabbing 
electric Lotus Elise prototype with 
support from Group Lotus Ltd. 
Both gas and electric versions of 
the Elise boast a featherweight 155- 
pound extruded aluminum space 
frame and lightweight composite 
body shell. Curb weight is just 1,930 
pounds, including batteries—a full 
1,000 pounds lighter than GM's ЕУІ. 
Its supercar-like acceleration is 
estimated at 0 to 90 mph in just 11.2 


An Active Tank? 


SO-CALLED active suspension, 
which uses a powered, computer- 
controlled hydraulic strut to replace 
conventional spring-and-shock set- 
ups, gained considerable notice a few 
years ago for its ability to deliver a 
smooth ride on cars. But the ride- 
control advantages were outweighed 
by greater fuel consumption, and 
auto engineers lost interest. 

Now, however, the U.S. Army is 
investigating active suspension for 
battlefield applications. The bene- 
fits for tanks and other off-road 
combat vehicles include a stabler 
gun platform. The latest effort fea- 
tures an electrically actuated sus- 
pension on a main battle tank. 

A new approach to activating the 
suspension struts, as presented re- 
cently at a Society of Automotive 
Engineers convention, is promising. 

The proposal alters the stage in 
suspension travel where force is ap- 
plied. Following the proper algorithm 
can reduce power consumption by 
a factor of 200, making active sus- 
pension plausible for military appli- 
cations, researchers say.—D.M. 


Popular 
Science JULY 1997 


— EJ U T OTIVE 


kilowatt) oil-cooled Zytek brushless 
DC motors, each mounted to sin- 
gle-speed aluminum gearboxes that 
„ transmit power to the rear wheels 
via equal-length driveshafts. 
) The car is reportedly headed 
back to Lotus for ride and handling 
refinements. If produced for sale, 
the electric Lotus would cost about 


The Zytek motor (below right) helps this proto- | Bn 
type Lotus Elise accelerate more quickly than its the same as the standard Elise, 
gasoline-powered counterpart. batteries not included.—R.C. 


seconds, quicker than the standard 
Elise. 4 300-volt nickel-cadmium 
battery pack is said to offer a 120- 
mile driving range and a one-hour 
recharge to 95 percent. Top speed 
is electronically limited to 90 mph. 
The impressive power is pro- 

vided by twin 100-horsepower (75- 


Clockwork Tailgate eliminating multiple wiring harnesses. 
| The motor drives a single cam that 


THERE ARE 40 to 50 small electric mo- engages the wiper, door lock, and elec- 


tors in your car, most of them tucked tric rear-window latch in sequence. 
neatly out of sight, that drive every- While it is in each stage, the motor 
thing from windshield wipers to seat operates the mechanism associated 
adjustments. The wiring complexity with that particular feature, such as 
and relatively high cost of these aids a window wiper, as long as the motion 
to convenience account for part of stays within that stage's range of mo- 
the expense of power features. tion. When it rotates further, the first 


Now, United Technologies, a major stage locks in place, and the motor 
supplier of the tiny motors, has devel- ^ then drives the second stage, and so on. 


oped an innovative combination of Dubbed the Geneva mechanism, it 
multiplexed controllers and a Swiss was originally conceived in the 19th 
clock mechanism to power multiple century as a way to drive intricate clocks 
features with a single motor, poten- with animated statuary that performed 
tially reducing cost and weight. It on the hour. The mechanism may soon 
also promises greater reliability by be serving a more mundane but useful 


function in the family car.—D.M. 


Drive motor 
Rear-window lock 


A cam drives three functions, 
locking two in position while 
| the third is actuated. 


Door lock 
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ENGINES 


combustion causes a change in the | 
pitch of the sound. A software pro- 
gram uses this change to differenti- 


Knock, Knock... 


ate between the knock and other 
SOME OF THE basic tools used in 
studving combustion may soon help 
control engine knock. Research at 
Ohio State University analyzing the 
sound of a knock, or preignition, 
promises a more precise method of 
controlling engine timing. 

Most knock sensors use a micro- 


engine noises. 

A different approach is being 
studied at Mitsubishi. Rather than 
using sound, engineers are employ- 
ing a weak electrical current at the 
spark plug gap. The flame front of 
ionized gas closes the circuit, and 
the timing of the flame can be used 


AH. 


ZIP" DRIVE. CONSIDER IT 
STANDARD EQUIPMENT. 
THESE GUYS DO. à 
Make sure your next computer has a 
Zip drive, the new industry standard, 
pre-installed in systems from these 


phone on the engine block to detect 
the knock. OSU researcher Giorgio 
Rizzoni notes that knocking is easily 
confused with other engine noises. 
A closer analysis of the sound 
demonstrates that the heat of pre- 
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as a knock sensor. 

Some production engines al- 
ready use this technique to control 
knock; Mitsubishi engineers are us- 
ing the information to control air- 
fuel ratios as well.—D.M. 


PREVIEW DI 


Stylish Coupe 


VOLVO'S C70 is a sleek coupe in- 
tended to shake up the company's 
normally staid image as a purveyor 
of sensible family transportation. 

Built on the same platform as 
Volvo's S70 and V70 sedan and sta- 
tion wagon (the name and sheet- 
metal changes replace the current 
850 models), the C70 shares the five- 
cylinder turbocharged engine devel- 
oped for the 850 R. This 20-valve 
powerplant makes 236 horsepower. 
That's enough to propel the C70 
down twisty mountain roads at a 
pace that shows what its capable 
suspension can do. The Volvo's stiff 
body structure contributes to a ride 
that feels firmly connected to the 
pavement, without telegraphing 
topography that the highway de- 
partment neglected. 

Inside, the driver is greeted by a 


E" Volvo tries a new image 
= with the stylish C70. 
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handsome and uncluttered instru- 
ment and control layout. Rich, crisp 
sounds emanate from the sound sys- 
tem's 10 speakers. And the rear 
seats are roomy and comfortable 
enough to help most passengers 
forget they climbed in through the 
front doors. 

Many people got their first 
glimpse of the C70 being piloted by 
actor Val Kilmer in the movie The 
Saint; his predecessor, Roger Moore, 
drove a soulful Volvo P-1800 in the 
19605 TV series of the same name. 
The C70's designers have successfully 
integrated Volvo's traditional upright 
radiator grille into feline yet un- 
trendy body lines that bid adieu to 
the timeworn shoebox look. The de- 
sign could seem as fresh in five years 
as it does today. The C70 goes on 
sale late this year, priced at about 
$40,000. A convertible version ar- 
rives next spring.—Stuart F. Brown 
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HOW TO HOLD 70 floppy disks 
IN THE PALM OF YOUR HAND. 


| OVER FIVE MILLION OUT THERE. Forget about that old floppy drive. Zip drives are 
| everywhere; at home, in schools, and at the office. In fact, they're the perfect complement to todays MMX” 
technology-based systems. And with so many Zip drives out there, it's more than just compatible, it's universal. 


BECAUSE UT S YOUR STUFE 


$1897 Iomega Corporation, Iomega and the lomega logo are registered trademarks, and Zip and “Because 1175 Your Stuff" are trademarks of lomega Corporation. MMX is a trademark of 
intel Corporation. All other trademarks are ihe property of their respective holders. Prices listed are estimated street prices. Actual prices may vary. Zip is compatible with Windows® 95, 3.1, 
NT, DOS, OS/2, and Мас OS. Up to 20 times faster using the SCSI or IDE models, up to 5 limes faster using ihe parallel port model 


NEW, LOWER PRICE. 
Visit your local retail store 
or corporate reseller, 
or you can even see us at: 
www.iomega.com 


TONS OF STORAGE SPACE. 
Increase your storage space — 
100MB at a time for as low as 

$14.95 per disk. Perfect for storing 
and running your whole office. 


COMPLETE PORTABILITY. 
The Zip™ drive and Zip disks are 
small, lightweight, and rugged. 
Which means you can take work 
home, on the road, or anywhere 

else you need to go. 


FAST, EASY BACKUP. 
Hooks up fast to your PC or Mac. 
And, at up to 20 times faster than 
that old floppy drive, it’s great 
for making copies of everything. 
So the next time your computer 
spazzes out, you won't, 
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Gun Collector 


THE TIME-HONORED police proce- 
dure of frisking suspects is about to 
be replaced by scanning. Millimetrix, 
a company located in Hadley, Mas- 
sachusetts, has developed a line of 
passive millimeter-wave cameras that 
can see through even several layers 
of clothing to provide a silhouetted 
image of concealed metallic and non- 
metallic weapons or contraband, 
such as illegal drugs. 

Optically fed sensors create this 
image by registering the natural 
electromagnetic emissions—milli- 
meter waves—from a suspect’s body. 
Guns, knives, drugs, explosives, and 
other inanimate objects appear in 
sharp contrast, as if X-rayed. Milli- 
metrix is currently developing three 
versions of its Millivision cameras: a 
handheld unit for law enforcement 
officers in the field, a gateway unit 
to provide security at building en- 
trances, and a surveillance camera 
that can be mounted unobtrusively 
for remote real-time scanning. Also 
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Long Live the Alkies 


PHILIPS, THE DUTCH electronics giant, 
has developed a battery that it claims 
has almost twice the life of ordi- 
nary alkaline batteries in high- 
drain applications like flash- 
lights, shavers, and portable 
compact disc players. The new 
AA-size battery, called Power- 
Life, will power a flashlight for 
130 minutes, as opposed to 80 
minutes with current alkalines, 
according to the company. 
PowerLife’s improved per- 


40 


in the works is a radar-like variation 
of the device capable of literally 
seeing through walls. 

The handheld scanner has drawn 
the most attention from law enforce- 
ment officials. It has a range of | to 
2 meters. A street cop could simply 
move the camera from head to toe 
in front of the suspect to build an 
image on the machine's LCD screen. 
Software algorithms automatically 
correct for motion. And, as with the 
other two cameras, images can be 


BATTERIES 


formance is due to small particles of 
high-grade graphite inside the bat- 
tery, which allow more synthetic man- 
ganese dioxide—the active ingredient 


New Philips batteries have twice the life of existing alkalines. 


© Image enters primary lens.—— 


Ө A transreflector admits light 
that's pointed in a specific 
direction, and reflects the 
remaining light. 


Ө A twist-reflector 
turns the light 90°. 


Ө Light again hits the trans- 
reflector, which directs 
it to a focal point. —— 


Q An array samples the image 
for warmer and cooler spots; 
support electronics and an 
active reflector fill in the gaps. 
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Even hidden under clothing, weapons, which are cooler than the i 
body, are revealed by new cameras with Millimetrix optics. 


' digitally stored, either for further 

| analysis or as court evidence. 

| ^Will cops use this? I think they 

' will once they learn to trust the tech- 
: nology," notes a metropolitan police 

ı commander. “Frankly, cops don't like 
‚| to touch suspects, particularly addicts, 
| where they risk needle pricks.” 

| The gateway and handheld mod- 
| els are expected to be available in 

| 1998, while the surveillance camera 
| will be ready for distribution the fol- 
ı lowing year.—Hank Schlesinger 


in alkalines—to be used. The graphite 
lets electrical current pass through 
the battery more efficiently, leading 
to less energy loss and longer life. 

The PowerLife is the first 
battery that does not use heavy 
metals like cadmium, lead, or 
mercury, so it is easily recycled. 
That's good news for the envi- 
ronment, because 28 billion 
alkaline batteries are sold each 
year worldwide. PowerLife bat- 
teries are expected to go on 
sale in the United States later 
this year.—Marcus Gibson 
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VIRTUAL REALITY 


The Jumping President 


i WITH THE HELP of a new virtual 
reality simulator for parachute 
1 jumping, former president George 


| Bush has settled an old score. 
j ; In World War II, Bush was the 
pilot of a single-engine torpedo 


á bomber. During a 1944 attack 
mission, Lt. Bush’s plane Barbara 
" (named after his then-girlfriend) sus- 


| tained heavy damage, forcing him 
| to bail out over the Pacific. Bush, 
| unfortunately, pulled the rip cord 


А early, and his parachute struck the 
| horizontal stabilizer but ripped free 
3 Bush also hit his head on the tail 


of the plane. He was rescued by a 
submarine but has always wanted 
to redeem himself with another 
jump. “It was always a thought in 
the back of my mind: Do it again 
and do it right,” he says. 
Bush’s wish was 
fulfilled this year 
at the age of 72, 
when he jumped | 
out of a plane 
over Yuma, Ari- 
zona. Needless to 
say, both the former 
first lady and the Secret Service 
were a bit nervous, but their fears 
were tempered by the pre-jump use 
of a new virtual reality simulator. 
Developed by Systems Technology 
Inc., of Hawthorne, California, the 


Ghost-Busted 


MAGNAVOX HAS pulled its Image- 
Lock video processor from the mar- 
ket after selling only about 1,000 
of the devices. Pegged as a “ghost- 
buster,” the $200 device was de- 
signed to eliminate the ghostly 
images associated with poor TV re- 
ception and caused by multiple sig- 
nal reflections. Broadcasters would 
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simulator’s parachute harness held 
Bush for 45 minutes of intensive 
training the day before his jump. Bush 


wore a Virtual i-O head-mounted dis- 


play that immersed him in three- 
dimensional texture-mapped graph- 
ics. While in this virtual environment, 
he was able to practice obstacle track- 
ing and avoidance and view malfunc- 
tions overhead. Specific missions can 
also be created and practiced. 

The STI system, originally devel- 
oped for “smokejumpers” who fight 
forest fires, is being adapted for 


f. After training with 
à virtual reality, 
| ex-president Bush - 
cQ. tried out his para. 
COT ehuting skills. 
Ај M pure | 


military use as well. The 
- U.S. Air Force averages 

25 aircraft ejections per year, 
while the U.S. Navy and Marine 
Corps average 50 annually. Of 
these, reportedly more than half 
result in injuries that can be traced 
to poor parachuting skills. 

A similar system may be avail- 

able for video arcades soon.—F. V. 


piggyback a Ghost Cancellation Ref- 
erence signal onto the picture. The 
device would recognize this signal 
as the primary signal, eliminating 
all others. [See Electronics News- 
front, Feb., for a hands-on review. | 
The system, however, was not 
widely adopted by the cable-TV in- 
dustry. Philips, the parent company 
of Magnavox, had spent years de- 
veloping the system.—F. V. 
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Bugs for Trees 


WHEN SOMEONE stole a rare, 90- 
year-old Japanese sago palm tree 
worth $7,000 from the Wholesale 
Tree Co., in Takanini, New Zealand, 
Allistair Johnson, the owner, was 
understandably upset. 

“The raid took place one stormy 
night,” recalls Johnson. “They took 
a scruffy-looking, six-and-a-half- 
foot palm, one of 10 in the country. 
It was a well-planned, well-timed 
job—only a handful of people even 
knew the tree was here.” 

But Johnson didn’t get mad; 
he got high-tech. 

Johnson now inserts tiny pas- 
sive transponder chips into his 
trees. The 2mm chips, which are 
manufactured in Germany by 
Advance German Electronics and 
available for between $20 and $35 
each, are placed 2 inches under 
the bark of the tree. The exact lo- 
cation of the chip, date of inser- 
tion, and ownership information 
are entered into an electronic 
database for future reference. 

“The chip just sits there,” says 
Johnson, “until the tree needs to 
be identified.” At that point, a 
handheld scanner matches the 
seven-digit code nestled below the 
bark with information stored in 
the database. “You cant be more 
than 10 feet from the tree to use 
the scanner,” says Johnson. “But 
since tracking down stolen trees is 
easier than proving they belong to 
you, the chips are a better—and 
more secure—solution than chain- 
ing trees to concrete blocks buried 
in the ground.” 

Johnson has put the chips into 
100 trees and plans to insert more. 
Elsewhere, microchip insertion in 
South African.palms is now man- 
dated by that government, and in 
the United States, some bonsai 
trees now have them.—Willow Older 
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EDITED BY JUDITH ANNE GUNTHER 


Take It Outside 


EACH YEAR, NEARLY 2,000 fires 
erupt when gas-fired water heaters 
ignite improperly stored flammable 
liquids. In addition, malfunctioning 
gas- or oil-burning water heaters can 
produce poisonous carbon monox- 
ide gas. There is one way to make 
sure your water heater won’t start a 
fire or gas leak, says inventor Gor- 
don Fenn: Put the heater outdoors. 

Fenn has created the ‘larga gas- 
fired water heater, a 45-pound de- 
vice the size of a two-drawer filing 
cabinet. Cold water entering the 
bottom of the heater spirals up 
through skinny copper coils arranged 
in a circle. A ceramic burner at the 
top of the unit heats air pulled in by 
a blower. The air flows downward 
past the copper coils, warming the 
water to a temperature of 125.6°F. 
Sophisticated computer controls 
modulate the air and gas intake to 
match the water flow. 


turns on only when hot wa- 
ter is needed for the house- 
hold, or to circulate a small 
amount of water that keeps 
the components from 
freezing in cold weather. 
Because the 
Targa operates 
only on de- 
mand, it 
costs about 


Hot 
water out 


Cold 
water in 


50 percent less 
to operate than 
a conventional gas- 
fired water heater with a 
storage tank, claims Fenn, 
who is now vice president 
of the company that manu- 
factures the heater. 
Installing the water 
heater outdoors saves 
space in your house. But 
in cold climates, it may make sense 
to install the Targa in a crawl space, 
attic, or garage— where energy won't 
have to be expended to keep the 
heater from freezing. The only vent 
required is a plastic pipe, rather than 


Air outlet 


The concentric 
airflow design, narrow coils, 

and electronic controls help the Targa 

tankless water heater produce up to 300 gallons per hour. 


-Heater 


| j Copper coils 
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Air inlet 
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needed for other gas-fired heaters. 
Safety and efficiency, however, 
come at a high price: about $1,000. 
Built by Targa Energy Co., of North 
Charleston, South Carolina, the 
heater is currently available in the 
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The heater has no pilot light. It 


the steel double-walled chimney 
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Southeast.— Dawn Stover 


Grab a Sprayer and Fire Away 


CAN A NEW type of paint help prevent the spread of fire? 
While one manufacturer says yes, that claim is difficult to 
prove. Yenkin-Majestic Paint Corp., of Columbus, Ohio, 
maker of Majic Kidproof Fire Retardant Wall Paint, boasts in 
its literature that the paint "will only char, thereby slowing 
travel of the flame across a wall or surface." 

The paint incorporates Fire Barrier II, a liquid compound 
made of salts and other proprietary chemicals and manufac- 
tured by Fire Doctor, of West Berlin, New Jersey. Underwriters 
Laboratories, an independent testing facility, says a chemical 
analysis of Fire Barrier II found the compound does have 
fire-retardant properties. 

Does that mean paint with Fire Barrier II would provide 
extra protection in a fire? In a series of photos supplied by 


Fire Doctor, a conventionally painted dollhouse is shown in 
flames, while an identical house coated with fire-retardant 
paint is only slightly singed. Yet Yenkin-Majestic was un- 
able to supply any data to back up its claim. 

One test, conducted by the Hardwood Plywood & Veneer 
Association, measures how quickly flames spread across a 
1/2-inch-thick gypsum board coated with the paint. Based 
on this test, the paint merits a Class A classification for 
flame spread—the highest possible. But, explained the 
researcher who performed the test, ordinary paints on gyp- 
sum could produce similar results. 

Without more quantifiable data, homeowners have no way 
of knowing how well the paint might protect their homes 
if a fire erupted. In any event, the paint is likely not a sub- 
stitute for the tried-and-true tools of fire safety: a smoke 
detector, a fire extinguisher, and common sense.—4J.A.G. 
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environments are clearer. Sixteen 
samples made on a Starfire rocket in 
a suborbital flight one year ago “had 
about a 50 percent reduction in the 
average pore size,” he says. Smaller 
pores mean clearer aerogel. 

The next step is to produce 80 


l-inch-thick aerogel-filled window 
would have the same insulative value, 
for example, as a 10-inch-thick con- 
ventional window made with 15 
panes of glass and trapped air. 

A drawback to using aerogels in 
windows is their hazy look. About 
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3 Aerogels: 
b A Clear Advantage 


WHEN MANUFACTURERS want to 
make windows that are highly en- 


d ergy efficient, they fill the spaces ] percent of an aerogel's pores are samples of these aerogels aboard a 
between the glass panes with insu- large enough to scatter blue light, space shuttle flight scheduled for 
ү lating argon gas. But tomorrow’s causing the haze, explains David January 1998. With the longer expo- 
windows may instead be stuffed Noever, a researcher at Mar- sure to low gravity, the re- 
searchers hope to make 
made: aerogels. Researchers are ter, in Huntsville, virtually transparent 
now discovering ways to rid aerogels Alabama. Now, aerogels—and to 
of their smoky appearance, he says, the re- discover why grav- 
Р Aerogels аге made by mixing searchers have ity plays a role in 


learned that 
aerogels made 
in low-gravity 


aerogel pore size. 
Noever predicts 
that windows us- 
ing aerogel tech- 
nology could hit 
the market within 
five years. 


silica and ethanol to form a Jello-O- 
| like substance, then removing the 
у | ethanol under high pressures and 
| temperatures. What's left is a filmy 
material comprised of millions of 
tiny pores that trap air, making the 
material an excellent insulator. A 


Aerogels, made of 
filmy silica with millions 
of tiny pores, may some- 
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just built a brand new deck? 
We hate to be the ones to break the news. uh oh. 3 З 


But if you didn't build with new 

Thompsonized™ Wood, you could be in for trouble. 
Because Thompsonized™ Wood takes protection to a 
bold new level. It’s not just pressure treated. 

It's top quality wood that's guaranteed. 

And waterproofed to the core for less warping, 
splitting and cracking. 

Haven't started to build yet? 

Glad to hear it, but not as glad as you'll be. 
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For more into апа where 
to buy call 1-800-348-6804 
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WHILE YOU'RE INVESTING 
IN YOUR FUTURE, SO ARE WE. — 


$65,000 


Get up to $65,000 toward your college loans, thanks to our Educational Loan Repayment Program. 


$40,000 


Or get up to $40,000 for college through the Montgomery GI Bill and Army College Fund. 


$12,000 


Or get up to $12,000 in Enlistment Bonus money just for joining the Army. 


To find out how you can qualify for any of our financial programs, 
contact your local Army recruiter. 


ARMY 


BE ALL YOU CAN BE. 


CALL 1-800-USA-ARMY or www.goarmy.com 
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[JOMPUTERS & FJOFTWARE 


EDITED BY CHRIS O'MALLEY 


Silicon Light 


THE COUPLING OF electronics and 


optics inside a computer has long 


been a shotgun marriage at best. But 


the recent merger of a light-emit- 
ting diode with electronic circuitry 
on a single chip promises, if not 
wedded bliss, at least a smoother 
road ahead as we move toward com- 
puters that can handle pulses of 
light as well as electricity. 
Engineers at the University of 
Rochester and the Rochester Insti- 
tute of Technology in New York 
arranged the marriage by creating 
a sturdier form of porous silicon. 
Porous silicon—with pores that let 


it emit light— was first made in 1990, 


but was too fragile to withstand the 
rigors of manufacturing. Rochester 
engineers chemically modified the 


X2 Modems: Not So Fast? 


LED · 


Using a chemically strengthened 


——BHEWSFRONTS 
| 


Transistor 


Porous silicon 
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porous silicon, scientists created a practical way to meld electronic and optical components 
on the same chip, paving the way for computers that process light as well as electricity. 


material to strengthen it, then inte- 
grated it with conventional microelec- 
tronics on a single computer chip. 
Though you won’t see the hybrid 
technology in consumer devices 
anytime soon, the blending of elec- 
tronics and optics is considered a 
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| 
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building block for future computers, | 


HANDS ON 


since beams of light can transmit 
data far more quickly and clearly 
than electricity. And with fiber- 
optic cables now handling much 
of the data transmissions around 
the world, our computers already 
have some catching up to do in 
the optics department.—C.O, 


modems to 53,000bps. We didn't fare as well at two home 
Offices in South Florida. In one locale near Fort Lauder- 


DO THE NEW X2 modems from U.S. Robotics deliver on the 
promise of 56,000 bits per second (56Kbps) download 
speeds? In our testing with America Online, we found X2 
can be a boon or a bust—or something in between—de- 
pending on phone-line conditions that are virtually impos- 
sible to know about before you buy the modem. 

Installing both the external Sportster 56K Faxmodem 
and the Courier V.Everything modem was needlessly diffi- 


cult. The Courier manual sent us scurrying online, Looking 
for an updated modem driver, while the Sportster failed to 


copy the proper driver from the included CD-ROM. And to 
make the modems work at higher speeds with AOL, we 


first had to download a special X2 file and change several 


setup settings, including new phone numbers. Plug and 
play it ain't. 

Finally up and running, we got great speeds in Man- 
hattan, consistently logging onto AOL at 48,000- to 
50,666bps. Once, we even snared the elusive 56,000bps, 
despite the fact that the FCC technically limits these 
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dale, we consistently logged on at about 42,000bps, but 
never higher. In another near Boca Raton, X2 failed to 
work at all. U.S. Robotics and the regional phone com- 
pany, BellSouth, eventually determined the problem was 
that the house was too far—farther than 10,000 feet— 
from the switches at the central office. 

Trouble is, BellSouth says many of its customers’ resi- 
dences are more than 10,000 feet away from the phone 
company’s central offices, since the latter tend to be lo- 
cated in business areas, And many other residences are 
wired in local “digital loops” that convert signals from 
digital to analog more than once, another no-no for X2. 
One BellSouth manager estimated that these two factors 
could prevent as many as 70 percent of customers in his 
county from taking advantage of X2 speeds. That may, or 
may not, spell trouble in other regions. 

Clearly, X2 can work—and the speedier display of Web 


pages is a blessing when it does. But this much is also clear: 


X2 is no sure thing.—C.0., with Suzanne Kantra Kirschner 
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Forcing the Game 


TO FOOL YOUR eyes into seeing 

| fluid motion, a computer or TV 
needs to generate about 30 frames 
per second. But to fool your sense 

of touch, a computer has to gener- 
ate 500 tactile responses per second. 
Which may explain why such input 
devices as joysticks or steering wheels 
haven’t attempted to give the “feel” 
of games. Until now, that is. 

A technology called force feed- 
back is debuting in several new com- 
puter input devices. In each, the 
computer sends a signal to the de- 
vice, telling it to loosen up, stiffen, 
vibrate, recoil, or otherwise change 
its feel every 1/500 of a second. 
Game and joystick makers plan to do 
this using the Direct Input standard 
Microsoft is putting into Windows. 

CH Products recently introduced 
a force-feedback joystick called Force 
FX (about $180). Microsoft plans to 
offer a similar product this fall, and 
Thrustmaster is preparing a force- 
feedback steering wheel. 

In several sessions of playful test- 
ing, the quality of the feedback var- 
ied. CH's joystick, which supports 
only one type of effect at a time, was 
erratic and awkward during The 

Need for Speed game. 
» CH is planning à 
more advanced 
product. 


Thrustmaster's wheel 
lets you feel the road. 
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Microsoft’s prototype joystick, 
expected to cost about $150, supports 
multiple effects, and I could feel the 
difference in a game called Tiger- 
Shark. As I dove beneath the surface 
in a submersible attack craft, the 


Pilot Lights 


THE ORIGINAL Palm Pilot may have 
been the only personal organizer that 
didn't seem to have come from the 
Edsel design team. It was affordable, 
truly pocket-size, ran for weeks on 
AAA batteries, and let you easily move 
information back and forth with a PC. 
The only real negatives were a dimly 
lit screen and the lack of a modem. 
The new Palm Pilot Professional 
($399) keeps the smart design and 
fixes the flaws. A new backlit screen 
makes the device usable on night 
flights and in other dark places. Per- 
haps more important to on-the-go 
users, the Pro version has double the 
memory of the original (enough now 
to hold 4,000 addresses and 2,400 
appointments) and can use an op- 
tional modem. The snap-on modem 
($129) lets you synchronize your 
Pilot and PC over the phone lines. 
And if you use Microsoft Mail, 
Microsoft Exchange, or Lotus 
cc:Mail, you can download and 
respond to e-mail. There’s a new 
expense manager included, too. 
You still can’t send faxes with 
the Pilot, or browse the Web, or dial 
up America Online. But other compa- 
nies may add these features, just as 


controls became firmer and the gun а 
recoil less pronounced. And a sudden 
missile blast from an enemy ship 
caused me to veer slightly off course. 

Thrustmaster’s steering wheel, 
also a prototype and slated to cost 
less than $200, let me feel the road 
or grass beneath my tires during a 
racing game that had been modified 
for use with the wheel. 

Force feedback technology is still 
clearly in its infancy, but it shows 
great promise—and not merely for " 
joysticks and wheels. Some game 
makers are talking about force-feed- 
back baseball bats and golf clubs. 
—S.K.K. 


a growing list of software vendors, 
including those that publish ACT, Or- 
ganizer, and Sidekick, have adapted 
their products to work 

with Pilot. 
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Pilot Pro now lets you see in the dark. 


Happily, many things haven't 
changed. The Pilot Pro is still as small 
and light as before, and it can still run 
for two or three months before you'll 
need new batteries. And its simple 
data-transfer system—seat the Pilot 
into a cradle and hit a button to syn- 
chronize files with your PC—remains 
a model of efficiency.—Jon Pepper 
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How to make your car invisible 
to radar and laser... ./egally! 


Rocky Mountain Radar introduces a device guaranteed to make your 
car electronically “invisible” to speed traps—if you get a ticket while 
using the product, the manufacturer will pay your fine! 


If your heart doesn't 
skip a beat when you 
drive past a speed 
Ө trap—even if you aren't 

| speeding—don't bother 
==. reading this. I can't 
tell you how many 


W The Spirit Il times that has hap- 
will "jam" radar, pened to me. Driving 
preventing police down the interstate 
from measuring with my cruise con- 

trol set at eight miles 
your speed. over the limit, I catch a 


glimpse of a police car parked on the 
side of the road. My heart skips a beat 
and for some reason I look at my 
speedometer. After I have passed the 
trap, my eyes stay glued to my rear view 
mirror, praying the police officer will pass 
me up for a "bigger fish." 

It seems that as speed-detection technolo- 

gy has gotten more and more advanced, 
speeding tickets have become virtually 
unavoidable. And although devices exist that 
enable motorists to detect these speed traps, 
they are outlawed in many states... 
including mine. 
The solution. Today, Rocky Mountain 
Radar offers drivers like me a perfect solu- 
tion—the Spirit II, Utilizing a passive 
radar scrambler, The Spirit II makes your 
automobile electronically "invisible" to 
police speed-detecting equipment. 

The radar scrambler works by mixing an X, 
K or Ka radar signal with an FM "chirp" and 
bouncing it back at the squad car by way of a 
waveguide antenna, effectively confusing the 
computer inside the radar gun. 


Perfectly legal. Some radar devices have been 
outlawed because they transmit scrambling 
radar beams back to the waiting law enforce- 
ment vehicle. The Spirit IL, however, reflects 
a portion of the signal plus an added FM sig- 
nal back to the police car. This, in effect, gives 


Reflected radar with an FM "chirp" me 


Police radar 
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the waiting radar unit an electronic "loboto- 
my." Best of all, unless you are a resident of 


| Minnesota, Oklahoma or Washington, D.C., 


using the Spirit II is completely within your 
legal rights. 


How it scrambles radar. Police radar | 


takes five to 10 measurements of a vehicle's 
speed in about one second. The Spirit II sends 
one signal that tells the radar the car is going 
15 m.p.h. and another signal that the car is going 
312 m.p.h. Because police radar can't verify the 
speed, it displays no speed at all. To the radar 
gun, your car isn't even on the road. 


Radar and laser scramblers are de- 
vices that foil speed traps by making vehi- 
cles electronically "invisible" to police 
radar. Radar scramblers mix a portion of 
the radar signal with background clutter 
and reflect it back to the squad car. This 
technique, pioneered by Rocky Mountain 
Radar, creates an unreadable signal that 
confuses the computer inside the radar gun. 

The laser scrambler in the Phazer 
works in a similar manner. It transmits a 
special infrared beam with information 
designed to scramble the laser signal. "m 
result? Readouts on police radar and las 
guns remain blank. As far as the polic 
officer is concerned, your vehicle is not 
even on the road. 
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makes your саг S 
invisible to ма 
radar or the тапи- 
facturer will pay your 
speeding ticket! 


Range up to three miles. 

The Spirit II begins to scramble radar sig- 
nals as far as three miles away from the 
speed trap. Its range of effectiveness extends 
to almost 100 feet away from the police car, at 
which point you should be able to make visu- 
al contact and reduce your speed accordingly. 


Encourage responsible driving. While 
the Spirit II is designed to help you (and 
me) avoid speed traps, it is not intended 
to condone excessive speeding. For that rea- 
son, there is an optional one-year Ticket Rebate 


` { Program for just $19.95, the manufacturer will 


pay tickets where the speed limit was not 


exceeded by more than 30%, or 15 miles per 


hour, whichever is less. 


Double protection from 

speed traps. Radar isn't 

the only weapon the 4 

police use in their | 
revenue-generating 

speed traps. The latest 

weapon in their arsenal 

is the Lidar gun. To — 

counter the latest threat, Rocky Mountain 
Radar created the Phazer. Like the Spirit II, 
the Phazer also scrambles laser in a similar 
manner as the radar scrambler. It uses light- 
emitting diodes (LEDs) to fire invisible 
infrared pulses. It confuses the computer 
inside the laser gun by giving false indica- 
tion of the car's distance, blocking measure- 
ment of your speed. It includes the exclu- 
sive Ticket Rebate Program. 


Triple your protection 

against speed traps. 

If either the Spirit II or 

the Phazer sounds 

good, but you prefer to 

be notified when you are 

in range of a police j 
radar, the Phantom is for you. The Phantom 
combines the Phazer (including the Ticket 
Rebate Program) with a radar detector. It's 
legal in every state except Minnesota, 
Oklahoma, Virginia and Washington, D.C. 
Ask your representative for more details! 


Risk-free. Thanks to Rocky Mountain Radar, 
speed traps don't make my heart skip a beat 
anymore. Try the Spirit II, the Phazer or the 
Phantom yourself. They're all backed by our 
risk-free trial and a three-year manufactur- 
er's warranty. If you're not satisfied, return 
them within 90 days for a full "No Questions 
Asked" refund. 


The: Spt ll weiss EE $99 $9 S&H 
The Phazer................. $199 $14 S&H 
The Phantom............... $349 $18 S&H 


Please mention promotional code 2351-11140. 
For fastest service call toll-free 24 hours a day 
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comtradii: 


2820 Waterford Lake Drive, Suite 102 Midlothian, VA 23113 
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Macvs. MMX 


WHAT’S THE FASTEST home com- 
puter you can buy? Often, it’s a 
toss-up among more than a dozen 
companies producing similar Win- 


IBM's Aptiva S is a fast Windows PC... 


dows PCs, each powered by Intel’s 
raciest microprocessor. But for now, 
at least, it’s no contest—and it's no 
Windows PC: Apple's Power Macin- 
tosh 6500/300 is the new king of the 
hill, and by an unusually wide margin. 
The Power Macintosh 6500/300 
(the Performa name attached to ear- 
lier home models has been dropped) 
owes its speed primarily to a new 
300-megahertz PowerPC processor. 
That chip, coupled with an ATI 
Rage II 3-D accelerator video card, 
32MB of memory, and a 12X CD- 
ROM drive, make this a very mean 
machine. We pitted it against one of 
the fastest Windows home comput- 
ers now available, an IBM Aptiva S 
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model with Intel’s 200MHz Pentium 
MMX chip and the same video card. 
The results? We found the Power 
Mac 6500/300 was one-and-a-half to 
two times faster running graphics- 
oriented software such as Adobe's 
PhotoShop and Fractal Design's 
Painter, which are available in Win- 
dows and Mac versions. Even using 
software adapted for Intel's MMX 
technology, which speeds up many 
graphics operations, the 6500/300 
was typically 20 to 30 percent faster. 
It was also faster in routine word 
processing and spreadsheet work 
using Microsoft Word and Excel. 
While not cheap, the Power Mac 
6500/300, at about $3,000 plus 


...but it can't keep up with a new Power Mac. 


monitor, is not out of line with many 
top-shelf home PCs. (The test Aptiva 
model sells for about $2,600 plus 
monitor.) Apple also sells less costly 
225-, 250-, and 275 MHz versions of 
the 6500.—C.O. 


CTIDONS 


Serial Killers 


EVER WONDER WHY there couldn't 
be a single type of computer port 
for connecting peripherals, rather 
than a hodgepodge of ports and ca- 
bles? Help's on the way, with some- 
thing called Universal Serial Bus. 
The USB concept isn't new, but 
it appears ready to finally cross the 
threshold into reality, as many com- 
puter makers are adding USB ports 
to their systems and peripherals. 
Thrustmaster has introduced a new 
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USB joystick called Top Gun, for ex- 


ample, while NEC, Philips, and Sony 


have shown USB monitors. 


Basically, USB is a fast serial port 


(up to 12 megabits per second) that 
can replace not only today’s slower 
RS-232 serial ports on PCs, but most 
other connectors as well. This tiny, 
one-size-fits-all connection requires 
only a single type of cable, and you 
can chain as many as 127 devices 
on a single USB port. You can also 
attach and detach them without re- 
booting your PC.—C.0. 


Our monthly Web filter 
(Addresses preceded by http://) 


The Library of Congress 
www.loc.gov 
The sights and sounds of Americana. 


Home Central 
www.homecentral.com 
Home-repair tips and links. 


Haunted Houses in the U.S. 
www.xmission.com/^spl efx/ 
haunted house/HHlist.html 
Directions to your nearest ghoul. 


Travelocity 
www.travelocity.com 
Page me if my plane is late. 


Breed Selector 
www.purina.com/breed 
A dog to fit every personality. 


The Doomsday Clock 
neog.com/atomic/clock.html 
The history of atomic war predicting. 


American Medical Association 
www.ama-assn.org 
Check up on your doctor. 


The Mad Scientist Network 
medicine.wustl.edu/~ysp/MSN/ 
MAD.SCI.html 

À cabbage-juice pH indicator? 


The Positive Press 
www.positivepress.com | 
All the good news that's fit to print. 


Ultimate TV 
www.ultimatetv.com 
Listings for the couch potato. 


Webcrawler Search Ticker 
webcrawler.com/WebCrawler/ 
SearchTicker.html 

What people are looking for. 
North American Numbering Plan 
www.bellcore.com/NANP 

Where is this new area code 561? 
U.S. Postal Service 
WWW.usps.gov 

See the stamps, feel the zip codes. 
Learning University 
www.streeinc.com 

Multimedia software education. 


—Suzanne Kantra Kirschner 
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3D each sell for less than $200—or 


ч | ! 
| [ 

| about the same price you would | 
| 3-D for Free? | have paid for a 2-D video card just ' Homework Helpers 

- | | afew months back. | А n 
; BUY TWO DIMENSIONS, get one | Many of these 3-D accelerators | orH igh-Tech Cheati ng? 
| free. That’s essentially the deal , use 53° Virge graphics processor to ! EVERY PARENT WHO buys their 

ны | you're being offered with the latest | speed up the performance of data- | child a home computer does so at 
in accelerated 3-D video cards for | heavy 3-D graphics. Some, like ATI ¦ least partly with the hope that it 
: Windows PCs and Macs. ı and Matrox, use graphics chips of 

b | The newest 3-D cards give you | their own making. Most come with 

k S the added dimension of depth апа ; 4МВ of dedicated video memory 
can render fine details like fog and | and support Microsoft's Direct 3D = 

„i shadows even at the rapid frame ' standard for Windows games. And : 
i rates used in a growing number | the benefits behind all this hardware? 
| of arcade-like computer games. Yet ! Games like Descent II, MechWarrior 
i 2-D/3-D cards such as ATI's 3D Pro | 2, Quake, and Monster Truck Mad- 
| Turbo, Creative Labs’ Blaster 3D, | ness literally take on a new dimen- 
| Diamond’s Stealth 3D 2000 Pro, ' Sion, making for much more realistic 
i Matrox’s Mystique, and STB’s Nitro | mayhem—that is, fun.—C.O. 
| СЕРЕС 
f INTERNET A study aid or an academic Scarlet Letter? 
| World Wide Scam months until the Federal Trade Com- will further his or her education. 
mission shut them down. “The Mold- But can a home PC help too much? 
f IMAGINE SURFING the Web via your ovan case is probably the most insidious That's the question you may find 
| local Internet access provider and example of high-tech fraud the FTC yourself asking after looking at a 
| later getting a bill for phone calls to has witnessed,” says Paul Luehr, the new series of CD-ROM homework 
Moldova, a former part of the Soviet FTC’s Internet committee chairman. helpers called Knowledge Revolu- 
i Union, for your time online. That's ex- Feloniously ingenious as it was, tion Study Tools from Southern 
i actly what happened to some users, the Moldovan case is only one exam- Star Interactive (www.sostarl.com). 
| courtesy of some nefarious Web sites ple of a rapidly growing trend in In- The programs are guides to literary 
. that asked visitors to download spe- ternet crime. Other scams include classics such as The Adventures of 
| cial “picture-viewing” software that everything from pyramid schemes and Huckleberry Finn, The Adventures of 
actually disabled their modem's bogus credit repair services to “work Tom Sawyer, The Scarlet Letter, and 
| speaker and then surreptitiously at home opportunities” that make The Old Man and the Sea. They in- 
| dialed a number in Canada, which in money for the sellers, not the buyers. clude not only the full text of the 
| turn generated a bill for a call to “As the network grows from a small, books, but also expert criticisms and 
| Moldova, at more than $2 per minute. ^ trusted research community to large commentaries. More helpful still, 
| Two New York-based firms allegedly society, it begins to encompass all the they have a feature called Create-a- 
operated the scam profitably for several pathologies of the larger society," Composition, with advice that makes 
| explains Martha Stansell-Gamm, it “a snap to write an A+ essay,” a 
| deputy chief of the computer crime Slideshow Maker to create multime- 
| and intellectual property section of dia presentations of their findings, 
; the Department of Justice. and a game that preps young stu- 
{ It's not known how widespread dents for exams. 
| Internet crime has become, since it Of course, much of this merely 
| often goes unreported, but Stansell- amounts to modernizing the Cliff 
| Gamm says scams are not only on the Notes that millions of students from 
| rise, they are becoming more mali- an earlier generation—that is, to- 
i cious—and profitable. The FTC esti- day's parents—took advantage of 
| mates the Moldovan scheme raked from time to time. But PCs ease the 
| in more than $1 million. burden even more. And, inciden- 
i —hHank Schlesinger tally, you can order Cliff Notes on- 


line at www.cliffs.com.—C.O. 
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ANATOMY OF AN INVEST! | 
Even an arsenal of high-tech equipment | 


The flight data 
and cockpit 
voice recorders 


has not plucked an answer from the ocean. 


Dirt 3: H4 : ‚ 1 are among the 
But investigators have not given up. wad Ыш 
from the sea. 
By Gary Stoller . € data and voice recorders 


E] recovered pieces 


О missing pieces 


AIR CRASH INVESTIGATORS from the 
National Transportation Safety Board have 
climbed mountains, walked across tundra, 
slept in tents in the desert, and eaten C ra- 
tions inside huts on a remote Alaskan island. 


They've seen aircraft ruptured, mangled, and burned beyond [= WT 
recognition, and the vivid horror of body parts scattered on Scuba divers using hand- 


the ground. But none of these experiences prepared them for held sonar and military 
the two accidents that occurred within a 67-day span last GPS units recovered 
year: the plunge of a ValuJet DC-9 into Florida's Everglades widely scattered debris. 
on May 11, and the TWA Flight 800 jumbo-jet disaster in the The divers forays were 


limited to about 15 min- 
utes each, to avoid the 
need for decompression, 


Atlantic Ocean on July 17. 

Nearly all previous fatal jet crashes in the United States 
have happened on land, but the wreckage in the ValuJet and 
TWA accidents was buried underwater. Though the NTSB’s 
crash detectives normally spend about a week or two at the 
site of a commercial jet accident, they labored for six weeks 
in the Everglades and spent more than nine months hunting 
for clues on the ocean floor. And in both cases, their every 
step was shadowed by FBI agents searching for criminal ties. 


, Hard-hat divers stayed. 
—— below longer, breathing 4 
trough hoses, Hot wate 
M S pumped to their suits — 
Е | helped them stay warm. - 
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A Cast of Thousands Fast Moriches, 
Long Island 
THE FLIGHT 800 UNDERWATER SEARCH AND RESCUE effort was the biggest since 
| the Challenger disaster. Some 375 divers made 4,344 dives in water where the a € ө 
| visibility was 10 feet at best. Hard-hat divers and ROVs recovered victims and | N Westhampton 
iiis ; j : New York area of | 
wreckage from two large fields while scuba divers looked for more widely scat- City e [| detail Beach 
tered debris. Dive operations ended in early November, but scallop trawlers | 
Mee. | ; urny | ATLANTIC OCEAN 
continued searching through April, and a small ROV began a final check in May. e Philadelphia 


Plane's last 


transponder signal г" 
4 *— ка 


Debris Fields 


Side-Scan Sonar 


Towed slowly behind a ship, - 
this device bounced signals 
off the ocean floor to map 
| its features and find objects 
| (1) The top priority for searchers and r as small as a toaster oven. 
A | | divers was to rescue any survivors. — 
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(2) The second priority was to find and Deep Drone 


retrieve the bodies of victims. Using lights and two me- 
chanical arms that can lift 
up to 200 pounds each, this 
remotely operated vehicle 
helped divers recover victims 


(з) The third priority was to recover as 
much of the wreckage as possible, 


EEA and wreckage. Cameras on 
| T the van-size vehicle relayed 
The three ROVs logged 2,641 ж = Images to a surface ship. 
i hours at the crash site. ES 
IE | i P ue Pinger Locator 
pa 3 abe am ж е i | | a. 
DN NS uo Divers and ROVs | = des s * B э 
е ар loaded wreck: бла а, 
QU AWO, P à 5 
"4, аде into wire A 
mesh Я : 
baskets Towed behind a ship, this 


device has a sensitive micro- 
phone that listened for 
acoustic signals emitted by 
the aircraft's flight recorders. 


Laser Line Scan System 


Towed just above 
the sea bed, this de- 
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керн b See vice used blue-green 
Mini ROVs 7 x x S laser light to pro- 
Remotely operated vehicles — ^ = : duce detailed video 


images. It can see 
objects smaller than 
a half-inch in. size. 


the size of large riding lawn 
mowers used electric thrusters 
to swim around debris fields. 


The safety board’s investigators have a superb track 
record, Since the agency was formed in 1967, just five 
of 355 airline crashes remain unsolved. But the two big 
crashes of '96 have sorely tested the agency's resources. 
A year after the Flight 800 crash, the investigation is still 
waterlogged. Even with the best technology available, in- 
vestigators have been unable to find wreckage from the 
downed 747 that conclusively points to the cause of the 
crash. The board is planning new tests this summer, in- 
cluding blowing up a scrapped 747, but it’s possible inves- 
tigators may never be able to determine exactly what 
happened aboard the ill-fated flight. 

Two weeks after the TWA Flight 800 tragedy, I stand 
staring at wreckage being unloaded from a barge docked 
at the U.S. Coast Guard Station in Hampton Bays, on New 
York’s Long Island. Under the watchful eyes of NTSB in- 
vestigators and FBI agents, a row of windows and a severed 
section of fuselage dangle from a cherry picker. In public, 
the two federal agencies acknowledge three theories for 
what destroyed the jumbo jet—a bomb, a missile attack, 
or mechanical failure. But preliminary tests of some of the 
wreckage have already detected the residue of chemicals 
used to make plastic explosives. 

As I peer through binoculars, a man wearing camouflage 
clothing and a yellow helmet turns on a water hose and 
fires away at the wreckage. For several minutes, he directs 
a steady, forceful stream of water at one section. I’m 
stunned by the sight. Couldn’t the water wash away ex- 
plosive residue that might be critical evidence? 

I raise the issue with Bernie Loeb, who oversees all of 
the safety board’s aviation investigators. Loeb explains 


that the saltwater must be washed off to prevent the wreck- 
age from corroding. There’s no doubt that once saltwater 
mixes with air, it oxidizes and can attack the aluminum 
that is the primary component of the aircraft’s fuselage, 
but I still wonder why the agencies can’t postpone the 
washing for an hour or so—at least until the wreckage is 
brought to a nearby hangar and examined by FBI experts 
with bomb-sniffing devices. 

My skepticism grows after talking with a U.S. govern- 
ment expert who specializes in the storage and handling 
of plastic explosives. “On a polished surface such as alu- 
minum, a high-pressure wash could dislodge some, a good 
portion, or all of a plastic explosive,” says the expert, who 
asked to remain anonymous. “I’m sure the FBI is now wish- 
ing the wreckage wasn’t washed,” 

“We have determined that washing is the best way to 
handle the evidence,” says FBI spokesman Jim Margolin 
from the agency’s Manhattan office. But couldn’t washing 
remove some of the evidence? Margolin insists the wreck- 
age was washed gently. 

It’s easy to play Monday-morning quarterback through- 
out the course of an aviation accident investigation such 
as this one. So many people want immediate answers, 
while so few understand how difficult it is to recover the 
wreckage and pinpoint the reasons why a huge wide-body 
jet was blown to bits and rests in three different areas on 
the ocean floor. Even the FBI investigators involved in the 
TWA crash grossly underestimated how long it would take 
to piece together the clues. Just days after the accident, 
James Kallstrom, the head of the FBI’s investigative team, 
said that answers would surface in a few weeks. 


Crash detectives used a Vapor sniffer, 
which Infiales explosive particles and vapors 


to search for explosive residue. 


7 ee а ыт ee en ee ee SE a a eee PD m -— ЧЕ — = 


After the Crash 


THESE ARE the basic steps in a 
major airline crash investigation. 
Experts at the National Trans- 
portation Safety Board lead the 
investigation, but they get help 
from aircraft companies, engine 
manufacturers, airlines, labor 
groups, and the Federal Aviation 
Administration. 


WHEN AN airliner 
crashes, local officials 
automatically notify 
board headquarters. 

An NTSB "Go-Team" 
leaves for the crash site 
within three hours. The Go-Team includes 
specialists in such subjects as engine design, 
aircraft structures, maintenance, air traffic 
control, weather, survival factors, human 
performance, and witness interviews. 


AFTER A BRIEFING from police and other 
officials on the scene, the Go-Team begins 
recovering and inspecting debris, sometimes 
with help from the Navy and Coast Guard. 
They look for the flight data recorder and 
cockpit voice recorder. 
Other team members 
gather air traffic control 
tapes, weather reports, 
and pilots’ and mainte- 
nance records. 
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Al Dickinson, speaking here at a press conference, 
heads the safety board's Flight 800 Investigation. 


Lack of a quick answer, however, is typical, even for 
crash investigations that take place on land. "An accident 
investigation is like a Sherlock Holmes novel," says Michael 
Barr, a University of Southern California professor who 
teaches accident investigation courses. “You read the first 
chapter, and you want to know the answer. You read on, 
and after three to four months of the investigation have 
elapsed, you still won't know if the butler is the killer." 

But Al Dickinson, the NTSB investigator in charge of 
the TWA Flight 800 case, hasn’t given up on solving the 
mystery. Dickinson, a former commuter airline and Viet- 
nam combat pilot, rushed to the crash scene and spent 
days on choppy seas aboard Navy vessels, waiting for pieces 
of wreckage to be brought to the surface. At first, finding 
the wreckage in 120 feet of water wasn’t easy, because hand- 
held sonar devices used by New York City police divers 
didn’t have the range necessary to map large areas of the 


AIRPLANE PARTS may 
be taken to a hangar 
for further inspection, 
and sometimes for re- 
assembly. If the debris 
has holes, for example, 
investigators can study them to determine 
whether the damage was caused from the 
inside or outside of the airplane. If an 
explosive device is suspected, the parts 
may be examined with a vapor sniffer. 
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Searchers retrieve a section of the cockpit. The cockpit voice recorder revealed no 
distress calls, but investigators are analyzing the sounds made by the explosion. 


ocean bottom. But more sophisticated sonar devices 
brought in by the Navy eventually proved effective. 

A side-scan sonar system, towed about 100 feet above 
the ocean floor, detected wreckage larger than 3 square 
feet in size. The sonar worked in tandem with a Laser 
Line Scan System, a device built by Northrop-Grumman 
Corp. and used for the first time to investigate an under- 
water airplane crash. Towed underwater by a Navy ship, 
the laser system produced high-resolution images of the 
ocean floor and provided video footage of both large and 
tiny pieces of wreckage. Its narrow blue-green laser en- 
abled investigators to see objects less than half an inch 
in size while scanning an area five times larger than what 
conventional underwater cameras can photograph. 

Tiny pieces of wreckage are often the key to solving an 
airline crash. The critical clue in determining that a bomb 
brought down Pan American Flight 103 over Lockerbie, 


SOME PARTS MAY be sent to the NTSB lab 
in Washington for further analysis. Flight 
data recorders and cockpit voice recorders 
are also analyzed in the lab. Other parts 
may be sent out for special testing. For 


example, a suspect part 
may be dispatched to 
the FBI to be tested for 
explosives, or an engine 
may be returned to its 
manufacturer for study. 


THE NTSB prepares re- 
ports of its findings, 
and holds a public hear- 
ing to solicit testimony 
from the airline, pilots’ 
union, aircraft manufac- 
turer, and other interested parties. After 

a technical review, the agency approves a 
final report on the investigation. The NTSB 
may then (or at any time during its investi- 
gation) issue safety recommendations. 


53 


Scotland, in 1988, was a fingernail- 
size fragment of a timing device 
found embedded in clothing. But 
that small clue is exactly the kind 
of evidence that might never be 
recovered in this case. 

То look for fragments of the 
wreckage, the Navy brought in three 
remotely operated vehicles con- 
tracted from Houston-based Ocea- 
neering International. Two of the 
vehicles provided light for divers 
and were equipped with still and 
video cameras to take pictures of 
wreckage that had been detected by 
sonar. The other vehicle, a 9-foot- 
long robot that was used for recov- 
ery in the Challenger disaster and 
can operate at a depth of 7,200 feet, 
scooped up small pieces of wreck- 
age with its two mechanical arms 
and put the debris in baskets. Called Deep Drone, the self- 
propelled robot also used its two camera eyes to shoot still 
photographs and video footage that was then viewed 
aboard the Navy salvage ship Grapple. 

Although about 95 percent of the plane's wreckage was 
retrieved, the NTSB and FBI are still uncertain what 
caused the crash. Though the FBI's lab in Washington 
confirmed the presence of microscopic amounts of two 
chemicals used in plastic explosives, the evidence may be 
useless. In an embarrassing twist, investigators belatedly 
learned that packages of explosives had been placed 
aboard the TWA jet five weeks prior to the tragic flight, 
during a recertification test of bomb-sniffing dogs. The 
packages were removed after the 
test, but the two traces of chem- 
ical residue on the wreckage 
could have originated from the 
recertification exercise. 

The test packages, however, 
had not been put in the places 
where explosive residue on the 
wreckage was found. The 
residue—cyclotrimethylene- 
trinitramine and pentaerythritol 
tetranitrate— was reportedly de- 
tected in two different locations 
in the passenger cabin: on a cur- 
tain in the rear and on a floorboard 
above the fuel tank at the center of 
the jet, near where the plane split 
apart in the sky. 

The two types of residue detected, 
better known as RDX and PETN, are 
the major components of Semtex, the 
Czechoslovakian-manufactured plastic 
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Dead end? 
That's not 
how the 
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Bernie Loeb, examining a flight data recorder, oversees all of the safety board's crash detectives. 


explosive that destroyed Pan Am Flight 103. The Semtex 
had been placed inside a portable cassette player that was 
checked into Flight 103’s cargo hold. RDX is also the pri- 
mary ingredient of the American-made plastic explosives 
known as C-3 and C-4. 

Using a handheld Egis vapor sniffer, TWA crash in- 
vestigators also reportedly found explosive residue on a 
section of the right wing—another area where the bomb- 
sniffing dogs didn't search. FBI lab tests, however, were 
unable to confirm the finding. The Egis device, which 
inhales explosive particles and vapors from a glove, cloth, 
or cotton that's been wiped against a suspicious object, 
reportedly produced several other positive findings that 

couldn't be confirmed in the lab. 
Other clues in the crash detec- 
tives’ hunt have been few and far 
between. Investigators have found 
no evidence of pitting—the classic 
signature of a bomb blast. 
searches of maintenance and cargo 
records haven't turned up anything 
suspicious, such as the uncapped 
oxygen canisters carried aboard 
the doomed ValuJet flight. And 

none of the debris proves that a 

mechanical failure caused the 

crash. The center fuel tank shows 

signs of an explosion, but it was 
empty, and many experts doubt that 
the remaining vapors could ignite and 


result in a massive explosion. Jet fuel 
would ordinarily burn, not explode. 
The lack of quick answers has led to wild 
speculation that a Navy missile attack 
brought down the TWA airliner, although 
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Sleuths inthe Swamp 


IN THE EVERGLADES, water wasn't the only impediment to the 
investigation of the ValuJet crash. Mud, oppressive heat, and 
the remote location also slowed down the recovery effort. 

A side-scan sonar system was brought in to locate wreck- 
age, but the investigators couldn't get a reliable signal in the 
shallow water. They also were initially unable to locate the 
DC-9's cockpit voice and flight data recorders. The swamp 
mud muffled one pinger, and the other had been rendered 
inoperable by the crash. 

With shotgun-toting sharpshooters keeping an eye on 
alligators swimming nearby, recovery teams repeatedly had 


Greg Feith (left) heads 
the team studying de- 
bris from the ValuJet 

3 crash in the swamp. 
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to wade through the swamp and 
pick up whatever they stumbled 
into. The dense mud thwarted at- 
tempts by divers to reach the wreckage. 

“Conventional technologies weren't possible," says lead 
investigator Greg Feith, a small-plane pilot who has been 
investigating accidents for the past 17 years. "Every bit of 
the plane had to be picked up by hand, put on an air boat, 
and decontaminated." 

When the salvage operation proceeded slowly in the 
Everglades, Feith turned to the specialists on his "Go- 
Team." Away from the crash site, the team found key clues. 
Оп an air traffic control tape, the investigators listened to 
a ValuJet co-pilot tell controllers just before the crash that 
the cabin and the cockpit were filling with smoke. Feith's 
team also found copies of the flight's cargo manifest, 
which revealed that three aircraft tires and as many as 60 
oxygen generators, used to supply oxygen for passengers 
emergency masks, may have been in the aircraft's forward 
cargo hold beneath the first-class seats. The generators' ex- 
piration dates had passed, and they were being shipped by 
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SabreTech, a ValuJet service contractor, for eventual dis- 
posal at ValuJet's Atlanta base. 

Classified as hazardous cargo, oxygen generators must 
meet special handling guidelines and may only be trans- 
ported by an airline certified to carry hazardous material. 
ValuJet had no such certification. SabreTech, whose activi- 
ties leading up to the crash are being investigated by the 
FBI, admitted that its mechanics signed job cards stating 
that they had installed plastic caps on all the generators to 
prevent them from firing. No caps, however, were installed. 

About 70 percent of the wreckage was eventually re- 
covered and brought to a hangar, where it was laid out 
on the floor. Investigators used identification numbers 
stamped on the pieces to match them with their position 
in the plane. On racks built from chicken wire, about 5 
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percent of the wreckage was reassembled in three dimen- 
sions. This wreckage consisted of the forward part of the 
fuselage and the cargo hold—the areas where investiga- 
tors suspected the fire originated. The investigators hoped 
that the 3-D mock-up would give them a clearer picture 
of what happened. 

More than 20 oxygen canisters were also found, and most 
showed fire damage. Could the generators have self-ignited? 
Yes, said their manufacturer. Oxygen generators not only 
produce oxygen but can also produce heat as intense as 
500°F. If the generators were stacked side by side atop one 
another, the ambient heat could have ignited the oxygen. 

The NTSB will issue its final report on the crash this 
month. The Miami Herald has reported that the agency will 
point the finger at the mislabeled and improperly secured 
oxygen canisters. The NTSB report is also expected to crit- 
icize ValuJet for deficient monitoring and training, and 
fault the FAA for failing to enforce its own rules.—G.5. 
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Pieces of wreckage from the TWA Flight 800 crash were taken to a former Grumman hangar, where they are being inspected and reassembled. 


no wreckage has shown signs of such an attack and no 
remnants of a missile have been found. Also, if such an 
attack had occurred, its cover-up would require a mas- 
sively complicated web of deceit and silence. It would 
mean that the NTSB and its investigative team, includ- 
ing officials from aircraft manufacturers and labor unions, 
are in cahoots with the military, the FBI, and the White 
House. And we haven't heard a peep from the midship- 
men aboard the vessel that supposedly fired a missile— 
or from their friends or relatives. 

But safety board investigators haven't ruled out any 
of the possible causes of the crash. Some investigators 
wonder whether static electricity could have ignited va- 
pors in the center fuel tank and triggered a blast. To find 
out, the NTSB has been conducting static-electricity tests 
at Wright-Patterson Air Force Base in Dayton, Ohio. The 
purpose of the tests is to determine exactly how much 
static electricity is required to create a spark. Safety-board 
investigators are also doing tests at the California Insti- 
tute of Technology to better understand the properties 
and combustibility of jet fuel. 

NTSB metallurgists have also been busy. Inside the 
agency's lab in Washington, they have examined crucial 
pieces of the wreckage, including the air ducts and fuel 
probes (which measure fuel quantity) that were located near 
the center fuel tank. The lab is equipped with high-tech 
machines, including a wide-screen monitor that provides 
a two-dimensional view of wreckage being analyzed under 
a microscope. A stereomicroscope provides three-dimen- 
sional images. These machines help the investigators look 
for the telltale signs of a tank explosion or a bomb blast. 


In an aircraft hangar on Long Island, a 94-foot section 
of the plane has been reassembled into a three-dimensional 
mock-up. Metallurgists are carefully examining the mock-up 
to determine the order in which each piece of wreckage 
tore apart from the wide-body jet. 

In England, NTSB investigators hope to conduct ex- 
plosive tests this summer in conjunction with the British 
Civil Aviation Authority and the U.S. Federal Aviation 
Administration. The investigators have been waiting for 
the two agencies to complete tests of “bomb-proof” cargo 
containers, unrelated to the Flight 800 tragedy. If the 
airplane being used for those tests isn't totally destroyed, 
investigators hope to plant small explosives under its cen- 
ter fuel tank to see whether they can replicate the dam- 
age done to the TWA airliner. 

Investigators may also blow up a scrapped 747 in the 
United States later this summer or fall. The NTSB says 
it has received offers from aircraft owners who want to 
donate or sell their old jumbo jets for the test. 

Meanwhile, the FBI's criminal investigation is drawing 
to a close. In May, FBI Director Louis J. Freeh said that 
because agents have found no conclusive evidence of sabo- 
tage, the most likely explanation for the crash is a “cata- 
strophic mechanical failure." 

That leaves the investigation solely in the hands of the 
NTSB. The lengthy process has prompted many Americans 
to deduce that the investigation has reached a dead end, 
but that's not the way the agency's crash detectives see 
it. They believe there still are paths to explore that may 
finally provide an explanation about what caused the 
tragic destruction of TWA Flight 800. ® 
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zations, and environmental groups. 

Only one-fifth of the remaining forests are still “fron- 
tier forests,” defined as relatively undisturbed natural 
forests large enough to support all of their native species. 
Frontier forests offer a number of benefits: They generate 
and maintain biodiversity, protect watersheds, prevent 
flooding and soil erosion, and stabilize climate. 


Many large areas that have traditionally been classified 


as forest land don’t qualify as “frontier” because of human 
influences such as fire suppression and a patchwork of 
logging. “There’s surprisingly little intact forest left,” says 
research associate Dirk Bryant, the principal author of the 
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Peard to be running out of time: ТТ the lower 45 states, saysi 


Bryant, “only | percent of the forest that was once there as 
frontier forest qualifies today.” 

Logging poses the biggest single threat to remaining 
frontier forests. “Our results suggest that 70 percent of 
frontier forests under threat are threatened by logging,” 
says Bryant. The practice of cutting timber also creates 
roads that cause erosion and open the forest to hunting, 
mining, firewood gathering, and land clearing for farms. 

What can protect frontier forests? The researchers 
recommend combining preservation with sustainable land- 
use practices such as tourism and selective timber extrac- 
tion. “It is possible to restore frontiers,” says Bryant, “but 
the cost and time required to do so would suggest that 
the smart approach is to husband the [remaining frontier] 
forest before it's gone.” ® 
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Harry McSween sees only mineral grains. 


THE SKEPTICS 


The Team 
John Bradley, Ralph Harvey, and 
Harry McSween 


What They Found 
Elongate grains of magnetite that may 
have formed at high temperatures 


When They Found It Sa 
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THE SUPPORTERS 


The Team 

David McKay, Everett Gibson, 

Kathie Thomas-Keprta, Hojatollah Vali, 
Chnstopher Romanek, Simon Clemett, 
Xavier Chillier, Claude Maechling, 

and Richard Zare 

What They Found 

Possible fossil remains of martian life 
When They Found It 

Announced in August 1996 


SOMEWHERE IN astronomer heaven, Percival 
Lowell must be smiling. A century after Lowell 
trained his telescope on Mars and claimed he saw 
canals built by intelligent beings, 
scientists are once again in the 
grip of the Red Planet’s most seductive mystery— 
the possibility that life has existed there. 


Did a microscopic race of martians leave their traces inside a 
potato-size rock that fell on Antarctica 13,000 years ago? Even as 
a new wave of Mars exploration begins this month—NASA’s Mars 
Pathfinder lander arrives on July 4—researchers on Earth have be- 
gun a massive effort to answer that question, which has become one 
of the most controversial in science. No doubt Lowell, whose name 
has come to be synonymous with scientifie wishful thinking, would 


want to know how it all turns out. 

So will the hundreds of researchers 
who gathered in March at NASA’s 
Johnson Space Center near Houston 
to attend the annual Lunar and Plan- 
etary Science Conference. Presenta- 
tions at the meeting usually concern 
such topics as ancient lunar volcan- 
ism, or the icy satellites of Jupiter, or 
the surface composition of a distant 
asteroid. The subject of extraterres- 
trial life is rarely mentioned. This year, 
however, the star of the conference 
was the meteorite officially desig- 
nated ALH84001: No less than 37 
papers were devoted to it, and to the 
claims by a research team led by the 
space center's Dave McKay that the 
rock contains signs of ancient mart- 
ian microbes. 

The first reports of those claims 
last August jolted the small commu- 
nity of meteorite researchers. Some 
feared they were about to witness a 
scientific fiasco that would capsize 
not just the McKay team’s careers, 
but their own. "We're all very depen- 
dent upon NASA,” explains Alan 
Treiman of Houston’s Lunar and 
Planetary Institute. “I was really 
worried that if this turned out to be 
[similar to the controversy over] cold 
fusion, that NASA was going to go 
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down in disgrace. And that we were 
going to go with it.” But it soon be- 
came clear that the debate about 
ALHS84001 bears no resemblance to 
the one that sank cold fusion. Indeed, 
the McKay team’s report in the jour- 
nal Science won high praise from such 
respected scientists as Edward Anders, 
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a University of Chicago professor who 
is considered the dean of meteorite 
science. He wrote that the work “sets 
a new standard for the study of extra- 
terrestrial materials.” 

At the same time, Anders and 
others have been critical of the way 
the McKay team interprets the three 
things it saw: first, molecules called 
PAHs (short for polycyclic aromatic 
hydrocarbons), which McKay and his 
colleagues believe were formed from 
the decay of simple organic matter; 
second, tiny crystals of iron oxide and 
iron sulfide, which the team says are 
identical to grains secreted by certain 
types of terrestrial bacteria; and finally, 
oblong structures that the team ten- 
tatively calls fossil “nanobacteria.” 
The strongly worded conclusion of 
the McKay team's report—that al- 
though each individual finding can 
be explained nonbiologically, taken 
together they represent compelling 
evidence for fossil life—strikes many 
scientists as wildly overreaching. 
UCLA's William Schopf, who pio- 
neered the study of fossil bacteria 
on Earth, an effort fraught with false 
alarms, has summed up the attitude 
of many skeptics with a quote from 
Carl Sagan: "Extraordinary claims 
require extraordinary evidence." 


WE STOP 
ARGUING, 


THERE 15 NO ANSWER.” 


Gathering evidence from ALH- 
84001 has required a technological 
assault that Percival Lowell could 
never have imagined. Using electron 
microscopes and other state-of-the- 
art instruments, scientists have ana- 
lyzed chips the size of rice grains, 
examining features measured in bil- 


lionths of a meter (nanometers). At 
that scale, says McKay team member 
Chris Romanek of the University of 
Georgia, touring ALH84001 is "like 
walking in a jungle." Says the Univer- 
sity of Tennesee's Harry McSween: 
"This is a complex rock. After all, it's 
4.5 billion years old, and it's resided 
on more than one planet." Further- 
more, the mixture of geological and 
biological questions has required the 
expertise of researchers in a host of 
specialties, within and outside plane- 
tary science, who have devoted much 
of the past year to the effort. 

That is not to say that everything 
in the life-on-Mars debate has gone 
according to scientific discipline. 
Emotions have run high in this con- 
troversy, a fact that doesn't surprise 
science historian Steven Dick of the 
U.S. Naval Observatory. The notion 
of extraterrestrial life is more than 
just a theory, Dick says; it is the cor- 
nerstone of a new cosmology, every 
bit as much as Copernicus’ declara- 
tion that Earth goes around the sun. 
“It has to do with our place in the 
universe," Dick explains, "and that's 
why it's so passionate." 

It hasn't helped that the scientists 
have had the media looking over their 
shoulders, impatient for new revela- 
tions. "That environment has polar- 
ized the two sides," says Don Bogard 
of the Johnson Space Center, who 
weathered another heated dispute 
some 15 years ago: It was Bogard who 
helped prove that meteorites can 
come from Mars—an idea that many 
of his colleagues fought vigorously 
but came to accept. "Science is not 
all rational thinking," Bogard said at 
the Houston conference. "A lot of it 
is like the O.J. Simpson trial. You 
have defense lawyers and prosecu- 
tion lawyers, and the jury is the gen- 
eral scientific community." 

In the months leading up to the 
March gathering, as each of the 
McKay team's claims was severely 
challenged, a verdict in the case of 
ALHS84001 seemed imminent. Geo- 
chemists declared that the suppos- 
edly martian PAHs were actually an 
earthly contaminant, brought into 
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ABOUT 4.5 BILLION years ago: A solid rock 
crystallizes from a pocket of molten ae 
within the crust tof Mars. (ee 


the meteorite by meltwater fromthe Where did the martian rock ALHSABO E 
come from? Scientists believe it was 


surrounding Antarctic ice. Biologists launched into د ا و‎ А = 
questioned the existence of nanobac- struck Mars. In the photo above, the Ea 


teria on Earth, let alone on Mars. arrow points to a crater, located in 
Mars' southern highlands, that may 
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too small to hold the chemical and 
genetic machinery considered essen- 
tial for life. (The McKay team has 
since posed the possibility that many 
of the features they see in ALH84001 
may be bacterial appendages rather 
than whole organisms.) 

One of the most damaging studies 
came from a group that includes 
Harry McSween and Case Western 
Reserve’s Ralph Harvey. They zeroed — whisker-shaped grains that were pre- globules. “That’s really critical,” says 


in on tiny globules of carbonate (the viously unreported. These magnetite McSween. “If it’s high temperature, 
main ingredient of terrestrial lime- whiskers, say the researchers, are then the ball game's over." 

stone) like those where the McKay precisely the right size and shape to But there was no ninth-inning 
team found most of its evidence. Al- be the purported nanofossils. Even gloom in Houston, where the space 
though McSween and his colleagues more significant, they note, the center's Everett Gibson was an exu- 
confirmed the presence of teardrop- whiskers contain flaws in their crystal — berant presence. With two of his 
shaped crystals of the iron-oxide structures that strongly suggest they teammates sidelined—Dave McKay 
magnetite, which the McKay team formed from a broiling vapor at tem- was recovering from quadruple by- 
says are only known to be produced peratures far too high to support life. ^ pass surgery and Lockheed Martin's 
by certain bacteria, they also found By implication, so did the carbonate Kathie Thomas-Keprta was expect- 


` AEWA 13nWYS SNHO2! 


| JULY 1997 CB Эней material 


` The PAHs are not martian. After ALH84001 landed in Antarc- 
tica, the PAHs were deposited within the rock by meltwater 


from the surrounding ice. 


POLYCYCLIC AROMATIC HYDROCARBONS (PAHs) 


riched with PAHs. 


| The PAHs are martian. Micrometeorites collected from ice 
near the place where the meteorite was found are not en- 


TEMPERATURE AT WHICH CARBONATES FORMED 


The carbonates contain elongate grains of magnetite with 
spiral-shaped defects in their crystal structures, indicating 
formation at temperatures too high to support life. 


| Bacteria can also produce elongate magnetites, and varia- 
tions in magnetic signatures found within mineral grains 
would not have been preserved at high temperatures. 


PURPORTED FOSSILS OF NANOBACTERIA 


Some biologists say purported nanofossils are too small to 


have been living organisms. Others say the nanofossils are 
actually elongate grains of magnetite. 


The smallest purported nanofossils may be bacterial ap- 
| pendages rather than whole organisms. McKay's team has not 


| seen elongate magnetites within carbonate globules. 


ing her first child at any moment— 
Gibson literally carried the flag for 
his group, wearing a shirt embla- 
zoned with "Mars Meteorite Re- 
search Team." Gibson was bolstered 
by two recent reports suggesting that 
the carbonates formed at tempera- 
tures no higher than boiling water, 
and by a third study that refuted the 
contamination charges leveled against 
the PAHs. In addition, a team of 
British researchers had confirmed the 
presence of organic molecules in 
ALHS4001, and also identified them 
in a second martian meteorite. And 
Thomas-Keprta had reported on the 
discovery of possible fossil nanobac- 
teria or bacterial appendages, along 
with normal-size living microbes, in- 
side basalt rock samples from deep 
within Washington state's Columbia 
River Plateau. At a press conference 
midway through the weeklong gath- 
ering, Gibson was decidedly upbeat: 
“We feel stronger about our position 
now than we did last August." 

So do the high-temperature advo- 
cates. At the conference, Ralph Har- 
vey maintained that the carbonates 
were probably formed not by martian 
waters seeping through the rock, but 
in the intense heat and pressure of 
nearby meteorite impacts. Of the mag- 
netites, he said, "The clear and simple 
explanation we see... is inorganic." 
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The fact that two groups of scien- 
tists could have diametrically oppos- 
ing views of the same data may have 
confused some listeners, but to James 
Burke of NASA's Jet Propulsion Lab- 
oratory, it was exciting. "We're seeing 
science in all its glory,” enthused 
Burke, “warts and all. And the skeptics 
are getting a fair hearing.” 

If the jury is still out in the 
case of ALH84001, the effects of 
the “trial” are already being felt 
in the scientific community. For 
years, scientists have been amassing 
evidence that Mars, today a cold 
desert world, was once warmer and 
wetter. Many who are skeptical about 
the McKay team’s conclusions be- 
lieve the chances are nevertheless 
good that Mars once harbored life, 
and may still. 

That’s quite a turnaround from 
21 years ago, when the Viking lan- 
ders arrived on the Red Planet to 
hunt for signs of microbial life. Not 
only was that attempt judged unsuc- 
cessful, the landers revealed that 
martian dust may contain highly re- 
active compounds called peroxides, 
making the surface even more hos- 
tile to organic matter than previously 
thought. The result, says former 
Viking project scientist Gerry Sof- 
fen, cast a pall over exobiology, the 
study of extraterrestrial life, for two 


decades. “I and my colleagues did 

a great job of convincing the world 
that Mars doesn’t have any biology,” 
Soffen says. “It clobbered exobiol- 
ogy. Absolutely laid it to waste.” 

That has changed significantly 
since August. The excitement over 
ALH84001 has come at a time when 
scientists are discovering life in 
environments previously considered 
unlivable. On the ocean floor, bac- 
teria thrive in scalding, mineral-laden 
hot springs; in the dry valleys of 
Antarctica, they take shelter within 
the outermost layers of rocks. And 
researchers analyzing core samples 
from deep within the Columbia 
River basalt have discovered a com- 
munity of microbes that are appar- 
ently sustained only by hydrogen 
and carbon dioxide carried in the 
waters of a subsurface aquifer. 

It was precisely this kind of envi- 
ronment that Cornell University as- 
tronomer Thomas Gold envisioned 
when he wrote in 1992 of a “deep, 
hot biosphere” teeming with bacteria, 
completely isolated from Earth’s sur- 
face. Gold also suggested that organ- 
isms may thrive within the crusts of 
other worlds, including those like 
Mars, whose surfaces are apparently 
too hostile for life. He even speculated 
that martian meteorites might yield 
“traces of biological substances.” 
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More recently, compelling evi- 
dence of a subsurface water ocean 
on Jupiter’s moon Europa has fueled 
speculation that abodes of life, 
rather than being unique to Earth, 
may be almost ubiquitous. “There 
has been a revolution,” says Don 
Brownlee, a University of Washington 
geochemist who pioneered the study 
of cosmic dust. “People feel microbial 
life is perhaps even probable in many 
places in the solar system.” Exobiol- 
ogy, long ridiculed as a science with- 
out a subject, has gained legitimacy. 

This has been evident in Wash- 
ington, where Vice President Al 
Gore spent a few hours last Decem- 
ber in a round-table discussion with 
scientists, philosophers, and theolo- 
gians on the implications of extrater- 
restrial life. Gore’s enthusiasm is 
reportedly mirrored by congressional 
interest, which may translate into 
improved funding for NASA’s scien- 
tific activities. Wes Huntress, the 


1998 through 2002. Among the pro- 
jects targeted for the money is one 
that could help resolve the argument 
over ALH84001: an unmanned Mars 
sample-return mission to be launched 
as early as 2005. 

Meanwhile, pieces of Mars already 
on Earth will get even more attention, 
thanks to a two-year, $2 million pro- 
gram sponsored by NASA and the 
National Science Foundation to ad- 
dress the questions raised since last 
August. The program will put more 
chips and slices of ALH84001 into 
the hands of scientists. 

For now, McKay and his team- 
mates are pushing on with a new 
phase of studies, hoping to find a 
“smoking gun.” Thomas-Keprta hopes 
to dissect the purported nanofossils 
to look for evidence of fossil cell 
walls. McKay has begun the daunt- 
ing task of looking for telltale chemi- 
cal signs of biology: proteins, lipids, 
and even DNA, with the help of 
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Using a parachute and airbags, Pathfinder will land on Mars for a closeup look at its surface. 


agency's associate administrator for 
space science, announced in Houston 
that "for the first time in five years, 
the budget is good news." According 
to Huntress, a total of $1 billion has 


been added to the White House's 
NASA budget proposal for the years 
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scientists at Los Alamos National 
Laboratory in New Mexico. 

Other researchers are gearing up 
to study everything from the effects 
of meteorite impacts on carbonate 
rocks to the structure of magnetite 
whiskers. And Caltech's Joe Kirsch- 


vink, who first identified fossils of 
magnetite-producing bacteria on 
Earth, has his own smoking gun in 
mind. Even if martian microbes were 
not preserved, Kirschvink says, they 
may have left behind chains of mag- 
netite crystals with telltale shapes 
and alignments. Under an electron 
microscope, such chains would be 
needles in a geologic haystack. But 
Kirschvink and graduate student 
Altair Maine plan to hunt for them 
in ALH84001 indirectly, using an in- 
credibly sensitive magnetometer to 
detect their characteristic signatures. 
"It's a long shot,” says Maine, “but 
it's a cool long shot." 

Long shots don't bother Dave 
McKay. À month before the Hous- 
ton meeting, he was as calm as the 
eye of a storm. "I don't want to get 
backed into a corner with any of this," 
McKay said. "If somebody proves 
that the magnetite can't possibly 
be biogenic, ГІ say, ‘ОК, fine, it is 
inorganic magnetite.’ And if someone 
proves that those PAHs are Antarc- 
tic contaminants, ГЇЇ say, “Fine, we 
made a mistake. It seemed like a 
good idea at the time.’ But so far, 

I haven’t seen that proof.” 

Many of his colleagues were sur- 
prised that McKay, known for his 
conservatism, chose to go so far out 
on a scientific limb last August. One 
speculated that, like Lowell, he had 
simply been dazzled by the prospect 
of discovering extraterrestrial life. 
But McKay reiterates what he said 
almost a year ago: It was because, 
after 18 months of trying to reject 
a biological hypothesis, he and his 
teammates felt it was the only one 
that explained all the observations. 

Everyone agrees that a resolution 
may be a long time coming, if it 
comes at all. “Until we stop arguing, 
there is no answer,” says Harvey. 
“The argument is just beginning.” 

But even some members of the 
opposition admit they feel attracted 
to the idea of life on Mars. “I really 
wouldn’t mind being wrong about 
this,” says McSween. “I love the idea 
of extraterrestrial life. I just cannot 
imagine a universe without it." <P 
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Toyota takes the lead in the гасе 
to develop a superefficient car. 


THE DEAD SILENCE of Toyota's new complex sequence needed to squeeze real 


mileage out of a tank of gasoline. A light 


hybrid-drive car at a stop sign provokes a touch on the throttle gets the car 
nearly overwhelming urge to turn the key moving under electric power 
! | alone, supplied by a nickel- 
and get the thing running again. The en- Hae Sate Gack: AER 
gine is, in fact, shut off—since logically battery is depleted, the en- 


| | gine starts up with a chug, 
there is no need to burn precious fuel at à andat speed, the pistons 


standing stop, is there? But Americans are — become more audible. 
Ask for more power and 


not used to logical automobiles. Here, the gas guzzlers the electric drive kicks in 
even get the good supporting roles in blockbuster movies ^ again, with a silent push 
like Jurassic Park, with no small touch of irony, what with for reasonable passing ac- 


excessive fuel consumption producing carbon dioxide celeration. The lack of a 
that threatens to return the climate to the dinosaur age. solid passing kickdown gear 
Yet the car I'm driving uses a combination of electric is sometimes disconcerting. 
and gasoline power to achieve nearly 70 miles per gal- But not as strange as braking, 
lon—even in stop-and-go traffic. Aside from saving a few when the engine shuts down 
bucks on gasoline, the technical accomplishment required and you ghost to a stop. The 
for such extreme fuel economy holds its own fascination: sound of the future is mostly 
The two separate powerplants mesh in an intricate ballet, silence, after all. 
squeezing every last erg of energy from a drop of fuel. A The achievement is solid evidence 
touch of the pedal of the Toyota alternative engages the that the ponderous development process 
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that produces new automobiles is finally on the brink of a 
genuine technological breakthrough. Toyota says its Japan- 
ese customers will be able to buy this kind of fuel effi- 
ciency in a car this fall, and the ultra-efficient vehicle could 
appear in the United States as well within a few years. 
The Toyota hybrid car adds another chip to the pile be- 
ing wagered on a high-stakes gambit: the notion that tech- 
nology will eventually save the family automobile. The 
hope is to develop ultrahigh-efficiency cars to offset at least 


partially the environmental problems associated with the 
rapidly growing population of cars on the world's roads. 
The announcement that Toyota has such a supercar 
nearly readv for the showroom came as a surprise to the 
U.S. research effort. The American project had begun 
three and a half years ago, when three U.S. automakers 
formed a consortium that included the best and the 
brightest from the defense-oriented national laboratories 
to develop a full-size economically feasible car that could 
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gearset combines power Pe the Toyotas 

1.5-liter gasoline engine and from.an 

drive motor. The same geartrain cai 

power from the interna&. combustion engine Normal Driving 


s MEL i SE и Коа THE GASOLINE engine's 
ing energy for aMis Of acea оп. power splits between the 
wheels and the electric gen- 
erator. Electricity from the 
generator runs the electric 
motor to help power the. 
wheels, The remaining. en- `. 
gine power recharges the - N X N 
batteries. When the engine 7 
under light loads or starting - 
from rest, the electric motor 
alone drives the vem е. 


Gasoline 
engine 


Electric 
JENE THE ENGINE shuts down. 

| Energy from the wheels 
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FORD'S P2000 PROJECT CAR hopes to achieve some 70 
mpg with a combination of light weight, a fuel-efficient 
direct-injection diesel powerplant, and a hybrid drive. 

Aluminum construction, plus some components of 
exotic, lightweight materials, is expected to reduce the 
weight of the chassis without the powerplant by about 
1,300 pounds—a gain that ultimately will be partially 
offset by the additional weight of the batteries. 

Small direct-injection diesels, which gain about 25 
percent in efficiency compared with older diesel designs, 
also are becoming relatively commonplace in Europe. 
New methods of injection timing reduce the noise and 
emission problems associated with this design. The Ford 
direct-injection engine uses variable-geometry turbo- 
charging and four valves per cylinder to improve effi- 
ciency by a remarkable 43 percent. 

The hybrid-drive component is expected to be devel- 
oped in two stages. First will come a "low storage re- 
quirement" hybrid with a large starter-alternator that 
sometimes acts as an electric motor. This allows some 
energy to be recaptured while braking, and the diesel 
to be shut off at times. 

A second stage adds a larger battery pack and drive 
motor. The additional power acts in parallel with the en- 
gine to add acceleration. Both systems incorporate an 
electronically controlled transmission and clutch. 


Ford's plan is to have a running prototype powered by 


a diesel engine by the end of the summer. The hybrid- 
drive program is to ѓоЦом, — 20. М. 


Ford plans to combine a 
lightweight body with a 
hybrid drive and an effi- 
cient diesel engine. 


Power electronics 
control the flowof _ 


Direct-injeghi@n» 
diesel engine” 


Depending on 

which is more effi- 

cient, the electric mo- 

tor augments the engine 

or can power the vehicle 

alone. The motor can also act 

as a generator, to capture braking 
energy and recharge the batteries. 


achieve about 80 mpg in day-to-day driving conditions. 

Not the least of the goals was a kind of swords-into- 
plowshares recycling of high-tech research facilities that 
for the most part had been established to build atomic 
weapons and their delivery systems. Also put to risk was a 
bit of national pride, as the Partnership for a New Gener- 
ation of Vehicles (PNGV) deliberately excluded offshore 
automakers, including the growing number with substan- 
tial research and manufacturing facilities in the United 
States, such as Toyota, Honda, and Mercedes. 

This exclusion, along with the carrot of a growing 
market in underdeveloped countries where gas can cost 
from $2 to $5 per gallon, seemed to provoke an equally 
ambitious R&D program in Japan. The immediate result 
is Toyota’s high-tech hybrid-drive car. When it arrives in 
Japan this fall, it will be arguably the most energy-efficient 
car ever to be sold to the general public, achieving an es- 
timated 70 mpg in a five-passenger midsize sedan. That’s 
roughly double the equivalent-size conventional car’s fuel 
economy. Toyota’s move—coming as it did seemingly from 
nowhere—is the automotive equivalent of Jeffrey Maier, 
the 12-year-old baseball fan who reached from the stands 
in the 1996 American League Championship Series and 
turned a sure out into a home run. 

The game is not quite over yet, though. Toyota’s high- 
mileage hybrid has so far been demonstrated only in pro- 
totype, and hasn’t shown that it can meet U.S. emission 
requirements. It also is exclusively an exercise in extreme 
engine and drivetrain efficiency, with no reduction in 
overall vehicle poundage. The weight of the batteries in 
the hybrid-drive system adds several hundred pounds to 
the total vehicle, in fact. A dramatic weight reduction 
would add significantly to fuel efficiency; ultimately, Toy- 
ota will need such a weight loss to achieve the slightly 
more ambitious long-term goal of 80 mpg. 

The American partnership, which expects to see at 
least a driveable prototype early this fall, aims at radical 
improvements in weight, aerodynamics, and rolling resis- 
tance, as well as the efficiencies of an alternative power- 
plant. The plan is to select the most viable and promising 
technologies this year, demonstrate initial prototypes by 
2000, and develop production-feasible models by 2004. 

Chrysler has demonstrated a hybrid prototype, and 
General Motors is testing a combination of a lightweight 
gas turbine and electric drive. Not so far along are 
Chrysler’s announced plans to develop a gasoline-pow- 
ered fuel cell. The first member of the PNGV to detail 
publicly its ultrahigh-mileage prototype was Ford. 

This spring, Ford announced the general outline of 
this prototype, called the P2000. To save weight, the vehi- 
cle is made of aluminum and other lightweight materials. 
While a conventional Taurus-size car weighs 3,318 
pounds, the P2000 will tip the scales at less than 2,000. 
The vehicle will be fabricated using relatively conven- 
tional high-volume manufacturing processes. To some 
degree, the effort is an extension of Ford’s heavy invest- 
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ment in research in aluminum construction, which pre- 
ceded the company’s participation in the partnership. 

Ford also has committed to a direct-injection diesel 
powerplant, similar to several high-efficiency diesels re- 
cently introduced in Europe, where fuel taxes favor diesel 
powerplants. In fact, Ford is already planning to introduce 
the diesel in Europe before the year 2000. Alone, the diesel 
promises a 43 percent improvement in fuel efficiency over 
gasoline engines of the same size. That sounds impressive, 
but it’s no better than in the ballpark with contemporary 
production cars using similar engines. 

Ford’s P2000 program anticipates two hybrid-drive sys- 
tems quickly following the diesel. First is a simplified sys- 
tem that uses a large starter-alternator to parallel the direct- 
injection engine, allowing it to be started and stopped at 
will. Second, a larger electric motor and battery pack add 
to the electric component and enhance the ability to re- 
capture some braking losses. The anticipated program, 
including the weight reduction and hybrid drive, is expected 
to roughly match what Toyota claims it has already achieved. 

Toyota’s decision to develop a high-expansion gasoline 
engine rather than a diesel is partly based on worries that 
legislation further limiting diesels is on the horizon in 
many parts of the world, including the United States. 
Diesel engines produce particulates that are suspected 
carcinogens, and passing the stringent particulate test for 
passenger-car engines is already daunting. 

Toyota’s Atkinson-cycle engine is particularly compati- 
ble with hybrid drive, since its efficiencies are realized at 
a constant speed and load. The diesel selected by Ford is 
more flexible and is reasonably efficient even with con- 
ventional transmissions. 

The most impressive achievement is Toyota's com- 
pact, light hybrid-drive unit, which takes up slightly less 
space than a conventional automatic transmission, even 
with the electric drive motor and the high-output alter- 
nator. Without the still-bulky battery pack, this package 
would come close to letting you simply drop the hybrid 
drive into an existing car. The key is the innovative cou- 
pling of the three basic components of the drive system 
through a single planetary gearset. 

Estimates indicate that Toyota's entry will cost about 
$2,000 more than a pure gasoline engine. The additional 
expense mainly reflects the cost of the battery, power 
electronics, and electric drive motor. Elimination of the 
automatic transmission and torque converter offsets 
some of the additional cost of these components. That 
price is too high to recover the cost in the United States, 
where fuel is inexpensive, but the vehicle still will be at- 
tractive to motorists in most other countries. 

Toyota's remarkable powerplant takes some getting 
used to, but it is less of an alien experience than driving a 
pure electric car. Is this the car of the future? It's too early 
to tell, but the combination of efficiency, long range, low 
emissions, and reasonable cost add up to a bright promise 
that gas guzzlers will become dinosaurs once again. ф 
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Hardworking Powerplant 


LIKE MOST SUCH EFFORTS, Toyota's approach to creating 
a hybrid car combines the benefits of an onboard inter- 
nal combustion engine—mainly the high energy content 
of gasoline—with 


An electronic monitor 
graphically shows the 
hybrid drive and bat- 
tery status; here, the 
motor has shut off 
while the engine and 
generator are at work. 


For a day of test-driving with Toyota's new hybrid drive, a "mule" 
stands in for the actual body design, to be introduced this fall. 


certain features of electric drive that "level" energy de- 
mands while accelerating and stopping. 

The gasoline engine is the main source of power. 
Toyota has developed an Atkinson-cycle engine, which 
gains as much as 38 percent in efficiency by using a 
short compression stroke and an exaggerated power 
stroke. Atkinson-cycle engines operate efficiently in a 
narrow rpm range. Adding an electric motor can boost 
efficiency by allowing the gasoline engine to operate in 
the high-torque zone as much as possible. 

Toyota's driving cycle is as follows: When starting 
and at low speeds, the vehicle relies completely on the 
electric motor, drawing power from the batteries. As the 
vehicle approaches normal driving speeds, the gasoline 
engine kicks in, powering the car and recharging the 
batteries as well. Power bursts are achieved by combin- 
ing the power of electric drive with the thrust of a pis- 
ton engine. Decelerating, the engine shuts down and the 
charging unit converts some of the braking energy to 
electricity while slowing the car. 

All of this interaction is achieved by a mechanical in- 
terchange through a planetary gearset. The main piston 
engine drives the planet ring; the alternator is on the 
sun gear and the permanent-magnet electric motor on 
the ring gear. The wheels are driven via the outer ring 
gear. This allows either motor or a combination of both 
to power the car, and even allows the piston engine to 
continue turning with the vehicle at a standstill, with- 
out a conventional clutch.— Dennis Normile 
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To defend against an “electronic Pearl 
Harbor," a new Air Force unit finds 


the keyboard mightier than the sword. 


A SECURITY COLOR bar on a computer 
screen goes from routine green to caution- 
ary yellow—then to a flashing red alarm— 
in the operations center 
at the U.S. Air Force's 
609th Information Warfare Squadron (IWS). 


y Chris O'Malley 


A virtual intruder bent on undermining 
the awesome military power of the United 


States of America has invaded one of the computers that 
control the world's most fearsome flying force. 

Coming over the worldwide Internet, the electronic 
enemy sends out multiple "pings," or targeted queries, 
to map out the network connecting several key East Coast 
Air Force bases. This digital reconnaissance mission is 
followed by repeated attempts to steal passwords and copy 
information. Then the real attack begins. The enemy at- 
tempts to impersonate (or “spoof”) a legitimate Air Force 
computer user, or even hijack the entire network by over- 
whelming its defenses, to gain access to critical computer 
programs that manage everything from supply shipments 
to maintenance assignments. 

But this would-be computer conqueror has not gone 
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unnoticed. Information Warfare Operators manning 
computer workstations at the 609th are watching his every 
move—literally scanning every packet of data during the 
session for suspicious activity, detecting an attack, and 
pinpointing where the attack is coming from, And before 
the attacker can do any real damage, they quickly cut 
him off the network. 

If war is hell, then hell is now online. While the spe- 
cific scenario described above is fictional, the threats to 
our information and communication infrastructures— 
and the potential for using the same tactics against an 
enemy—are very real. And so is the 609th IWS, which is 
now up and running at Shaw Air Force Base near Sumter, 
South Carolina. It’s the first field-level outfit of its kind, 
and almost certainly a harbinger of things to come. “This 
is not an experiment, this is an operational combat unit 
capable of defending our networks,” says Lt. Col. Walter 
“Dusty” Rhoads, the founding commander of the 609th. 

Information warfare is not entirely new, of course. 
Smoke signals, after all, were a form of information en- 
cryption, communication, and, occasionally, deception. 
And in more sophisticated fashion, these three elements 
are staples of modern warfare. In the Gulf War, for exam- 
ple, the U.S. military not only successfully denied Iraq 
access to information about U.S. movements, it destroyed 
key Iraq communication centers. Doing so frequently 
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| “YOU BRING ME A 
denied Saddam Hussein access to 


his own troops. And using misinfor- 
mation, the United States effectively 
faked a beach landing in Kuwait, 
orchestrating a surprise “left hook” 
invasion into Iraq instead. 

But today’s information warfare 
is different in several unsettling re- 
spects. The increasing connectedness 
of the world’s information systems— 
thanks in large part to the Internet— 
has raised the eerie prospect of fully 
electronic strikes. Instead of fighter 
planes firing smart missiles at control 
towers or operations centers in enemy 
territory, for example, a foe could 
launch a digital attack that attempts 
to disable the same facilities with a 
computer virus or so-called logic 
bomb. Such an enemy could bring 
the fight directly into the United 
States without ever nearing our bor- 
ders. By 2005, attacks on U.S. infor- 
mation systems by terrorists and 


foreign espionage agents will be wide- 


spread, predicts a report from the 


An enemy coming over the Internet maps out the Air Force Infor- 
mation Network by sending out multiple queries, or "pings." 
enemy's computer then attempts to steal or break down pass- 
words to get through a gateway leading to air bases. 
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Defense Science Board, an advisory 
group consisting of industry, acade- 
mic, and former military members. 
Even scarier to some, the enemy 
may be us. Today, domestic hackers— 
from teenage pranksters to computer- 
equipped militia groups—are respon- 
sible for most attacks on our infor- 


mation and communication systems, 


say military and government officials. 


PE ITC OT USES 


WITH MUCH OF THE WORLD now linked via the Internet, key military systems are vulnerable to virtual attacks from 
hackers, spies, terrorists, and even nation-backed cyberassaults. But the U.S. Air Force is fighting back. Here's how: 
Ё p r i v7 x 


The 


Not surprisingly, the traditional lines 
between domestic criminal acts and 
foreign attacks are rapidly blurring. 
“In cyberspace, the notion of geogra- 
phy really falls away,” notes Kenneth 
Geide, chief of the FBI’s recently 
formed Computer Investigation and 
Infrastructure Threat Assessment 
Center, headquartered in Washing- 
ton, D.C. “There are bad characters 
everywhere, and the hacker tools 

are out there [on the Internet] for 
anyone to download and use.” 

More blunt in his threat assess- 
ment is Jim Settle, who retired three 
years ago as director of the FBI’s 
computer crime squad. “You bring 
me a select group of 10 hackers and 
within 90 days, ГЇЇ bring this country 
to its knees,” said Settle last year. 

A world of connected computers 
and communication systems is a spe- 
cial challenge for the U.S. military, 
which, ironically, helped create such 
a world by inventing the Internet 
(then called Arpanet) in 1969. Con- 


Moving into an air base network, the invader's movements are 
routed through a data-filtering device and à sensor computer 
that can automatically take countermeasures to limit or deny 
access privileges and send out warning signals. 
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trary to many public perceptions, the 
U.S. armed services conduct most of 
their day-to-day communications and 
transactions over public networks, 
including conversations over commer- 
cial phone lines and electronic mail 
that routes through the Internet. 
These communiqués include every- 
thing from mundane issues such as 
ordering foodstuffs for a base's com- 
missary, to important and sensitive 
(if still unclassified) matters such as 
directing medical supplies and setting 
up maintenance details. The inter- 
ruption of any of these activities could 
spell a major military headache. 
"Unclassified [communication] 
is our primary concern," says 
Rhoads. "The classified networks are 
fairly secure— you would have to have 
a bank of Cray supercomputers work- 
ing in parallel to break [a classified 
network] in time for it to do you any 
good. But vou could still bring some- 
body to their knees if you take out 
their unclassified communications." 


At the 609th IWS, that concern 
is being brought down to the base 
level. Shaw AFB was tapped to host 
the first such unit, in part because it 
and other East Coast air bases share 
responsibility for the Persian Gulf, 
which should continue to be a hot 
military region in the near future. 
This small crew of specially trained 
computer operators and supervisors 
(numbering only about 55 at the mo- 
ment) watches data traffic coming 
through the Internet into the Air 
Force's broad information network. 
The squadron then follows the 
traffic into the specific group of 
air base networks it is charged 
with defending. The hardware they 
use, including filters and sensors de- 
signed to monitor data patterns, is 
the same sort of equipment used in 
many Fortune 500 companies to try 
to spot hacker break-ins. The key is 
in customizing the software that in- 
terprets these patterns and decides 


what actions to take. 


In the operations center at the 609th Information Warfare 
Squadron, specialists man computer workstations that watch 
the enemy's progress as he attempts to impersonate an autho- 
rized user or bypass defenses to steal or corrupt information. 
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The goal is not necessarily to keep 
a hacker out, according to Robert 
Ayers, chief of the Defense Informa- 
tion Systems Agency’s Information 
Warfare Division. “You have to view 
security as buying you time,” he told 
a security conference recently. “It’s 
not protection, it’s delay.” Ayers likens 
the strategy to the thick metal doors 
that guard bank vaults. Explosives 
could take out the door and grant a 
robber access, but probably not be- 
fore the police arrive. 

The 609th IWS has had its share 
of intrusions already, according to 
Rhoads, who declines to be more 
specific about the number or sophisti- 
cation of the events. During a demon- 
stration in a secured area at Shaw, he 
notes that some of what the crew does 
is as simple as checking on multiple log- 
in efforts—calling another base to see 
if an officer merely forgot his password, 
for example, or whether someone is 
illicitly trying to get into the system. But 
the threats, he says, can range “from 
a kid playing around to a full-fledged, 
nation-backed hacker team.” 

The 609th’s primary role may be 
defensive at this stage, but information 
can clearly be an offensive weapon, 
too—though the military is generally 
far less eager to discuss that side of 
the cybercoin. Much of that research 
is occurring further up the military 
ladder, in this case at the Air Force’s 
Air Intelligence Agency (AIA) and its 
Information Warfare Center at Kelly 
AFB in San Antonio, Texas. “Infor- 
mation has always been a weapon and 
a target,” explains Maj. Gen. Michael 
V. Hayden, commander of the AIA. 
“But being in an information age has 
made it even more of a weapon, even 
more of a target.” 

Information weapons can certainly 
include various software viruses and 
bombs intended to cripple an enemy’s 
computer or communication systems, 
but Hayden notes that information 
itself can be a weapon. Leaking in- 
correct data to an enemy, or doctor- 
ing the information enemy centers 
send to each other, can be just as 
damaging as a virus, or a physical 
bomb for that matter. And the infor- 
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mation sword cuts both ways. In a 
technologically advanced military, 
“information is the heart and soul of 
everything we do,” says Col. James 
Massaro, commander of the Air 
Force’s Information Warfare Center. 

Sometimes, defensive and offen- 
sive digital maneuvers overlap. An 
innovative software program devel- 
oped at the Information Warfare 
Center can tag a suspected intruder 
with an unerasable identification 
number—foiling the common hacker 
practice of constantly changing user 
names and passwords to dodge de- 
tection. This bloodhound tactic ef- 
fectively lets the Air Force follow a 
hacker back to his home or office, 
but it can also mean having to in- 
vade other networks in the process. 
In the case of an organized enemy 
attack, this “defensive” response 
could be followed with an offensive 
volley (a virus, for example) that 
scrambles the attacker’s system. 

The Air Force is so convinced of 
the computer’s pivotal role that it 
recently raised information superior- 
ity to the same priority level as air 
and space superiority. The Air Force 
may be at the front lines of informa- 
tion warfare, but it is definitely not 
alone. The Army has a Land Infor- 
mation Warfare Activity unit, and 
there’s a Naval Information Warfare 
Center, too. In addition, the Depart- 
ment of Defense has the Defense 
Information Systems Agency. 

The sheer size of the U.S. military 
compounds its vulnerability problems. 
It has more than 2 million comput- 
ers and more than 10,000 local area 
networks. And while serious security 
breaches are fairly rare, cyberattacks 
are alarmingly routine. The Penta- 
gon logged more than 250,000 attacks 
on nonclassified computer systems 
in 1995, the last year for which fig- 
ures are available. In more than 60 
percent of these cases, the hackers 
succeeded in penetrating the system. 
And in some cases, real damage 1s 
done. In a report to Congress last year, 
the General Accounting Office de- 
tailed incidents of attackers tem- 
porarily seizing control of computer 
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systems that support such critical 
functions as weapons systems research 
and logistics. 

Worse still for the U.S.'s informa- 
tion warriors, the information age 
is peaking as the Cold War is waning 
—and military budgets are shrinking. 
The Department of Defense is be- 
lieved to spend less than $1 billion 
yearly on information warfare, or a 
tiny fraction of what it still spends 
on airplanes or tanks. Earlier this 
year, the Defense Science Board 
suggested the Pentagon seek an ad- 
ditional $3 billion over the next five 
years, largely for defensive measures. 

But money is only one problem, 
according to the task force and many 
outside analysts. For all of its recent 
forays into information warfare, the 
U.S. military still has no comprehen- 
sive and coordinated plan for address- 
ing security concerns or for forging 
an overall offensive strategy. Three 
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of the task force’s recommendations: 
Create an accountable information 
war chief, establish minimum infor- 
mation protections across all the 
armed services, and resolve legal and 
jurisdictional issues. 

If the legal and jurisdictional stuff 
seems like an afterthought, consider 
this: A future electronic Pearl Harbor 
attack might not be aimed at a mili- 
tary target. A cyberenemy could just 
as easily select our stock exchanges, 
banking systems, electric utilities, 
or telephone networks for an initial 
assault, creating chaos and perhaps 
buying more time to strike again. 
Imagine 91] emergency services dis- 
rupted, oil pipelines turned off, trains 
“The 
target field is expanding,” says the 
FBI's Geide. "As information sys- 
tems become more and more embed- 
ded in our private lives, we become 
more vulnerable.” > 


rerouted on collision courses. 
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YOUR PC AND TV are about to change. £4 ] 


If computer chiefs like Compaq’s Eck- 
hard Pfeiffer have their way, even telling 
them apart may become difficult. In the 
view of these industry leaders, we're 
moving into a digital age of information 
and interactivity, and the TV needs to 


come along for the ride. Compaq recently introduced 
a PC-TV combination with RCA called PC Theatre, 
and proposed a standard for digital TV broadcasts with 
partners Microsoft and Intel—computing's so-called 
golden triangle. 

In some ways Pfeiffer, Compaq's president and CEO, 
seems an unlikely choice to spearhead a move into the 


Jim SULLET 


flashy consumer electronics business. A 55-year-old, Ger- 
man-born executive who once headed Compaq’s Euro- 
pean operations, he is conservatively mannered and soft- 
spoken. But in a mere four years, he has transformed 
Compaq from the fifth-largest maker of PCs to number 
one, from $3 billion in annual sales to about $18 billion. 
In the process, he has expanded the company at both 
ends, from sophisticated server computers that run the 
Internet and business networks to home computers (in- 
cluding a new $999 model) and even computerized toys 
that it markets with Fisher Price. And while he closely 
guards Compaq’s secrets, this much is clear: He wants a 
bigger piece of the action. Some of what he wants for 
Compaq is in your thoughts and attention, some in your 
wallet. And some, apparently, is in your ТУ room. POPU- 


LAR SCIENCE's Senior Contributing Editor Chris O'Malley 


sat down with Pfeiffer recently to talk PCs and TVs. 


Por c: Why aren't PCs іп the majority of Ameri- 
can hom es yet? Is it a price issue, or ease of use? 


| It’s certainly both reasons. Which one 
is more important is hard to say. It has to do with the price 
point, but a computer is still too difficult to use. So I don’t 
have a good formula for the two elements. | think for the 


next big layer of the population to get there, price is a sig- 
nificant factor. Offering both [computer and monitor] for 


less than $1,000 is a magic barrier you want to get under. 
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I don’t see any big breakthroughs [on the horizon] that 
would make a PC as easy to use as the telephone. Every- 
body is working on removing some of the tedious up-front 
stuff: getting people started quickly, getting them hooked 
to the Internet easily. It’s gradually getting better. In a 
broader sense, you need to compare it to a television set. 
You switch it on. You change channels. It’s easy, it’s reli- 
able. That’s about where the PC will have to go. 


PS: How does the Internet play into this? 


I think that for the broad group that is not con- 
nected today, the Internet is probably the most appeal- 
ing reason to get into it. When you look at the reporting 
about how exciting it is to be on the Internet—or how 
frustrating when you can't connect to it—there is a lot 
of ground-level awareness. It's not all good news, but it's 
out there in a big way. 


S: You're a believer in so-called push technology, in 
which information comes to you via the Internet rather 
than you going out searching for it. Does that have any 
implications for home computing? 


It definitely will. You don't want to go through 
a huge search process to find new information or areas 
of interest. You want the information to come to you. І 
think push programs like PointCast [a program that ascer- 
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PC-TVs are totally integrated in digital form. 


tains your interests and searches the Web for them auto- 
matically] are very attractive. Ultimately, we’ll get closer 
to a humancentric model that’s typical in [mature] prod- 
uct categories. 


PS: Why do you think the time is right for a product like 
PC Theatre, which combines a large-screen TV with a full- 
fledged computer? 


PFEIFFER: I think it is the realization of real interactivity 
combined with content, and the home TV is the place 
you want to do it. It gives you the ability to watch televi- 
sion and go on the Internet in one experience. I think 
it's a logical combination for some. It will be at higher 
prices initially ($5,000), so it will be a limited market in 
that sense. I think the real breakthrough will be with the 
next generation [of PC-TV products], when a lot of the 
things now in development to bring PCs and TVs to- 
gether in digital form are totally integrated. 


PS: Why are computer companies like Compaq so interested : 


in seeing a digital TV standard crafted to their liking? 


PFEIFFER: Because you don't want to force the consumer 
to have to buy into two systems [one for transmission to 
PCs, another for TVs] when they are doing a lot of com- 
mon things in the end. Or end up with incompatible sys- 
tems that you'll have to build a bridge between later on at 
an added cost to millions of people. It just doesn't make 
sense. And that's what convinced the FCC to say it is a 
compelling logic to combine them into one standard. The 
FCC told us to come up with a single market standard 
that accomplishes both. 


PS: So far, the TV industry has reacted very coolly to the 
computer industry's digital TV proposals. Why do you 
think that's the case? 


PFEIFFER: It's a huge change, and there's something at 
stake for everybody. And that's what's in the background. 
Everybody's trying to figure out, "What does it mean for 
us?" So far, [TV makers] have had this market entirely to 
themselves. Now, software makers are jumping into the 
TV programming field. PC makers are jumping into the 
TV hardware field. And, from [TV makers'] perspective, 
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who needs that? But the customer will be happy in the 
end. There will be a convergence of the two industries. 


PS: Computer companies are talking a lot about electronic 
commerce and interactivity. Shouldn't we be concerned that 
as TVs become versatile, they'll become less easy to use? 


PFEIFFER: If you look at a PC and a TV today, it's certainly 
easier to plug the TV in, push the remote, and be in busi- 
ness. We need to get to similar levels of ease of use and 
reliability. Unfortunately, hard drives do crash more fre- 
quently than television sets. There are some real issues 

to work out. It will be a challenge. 


PS: What do you think about the WebTV concept? 


PFEIFFER: I believe it 1s certainly an interesting product. 
It has weaknesses compared to a PC. But as we've seen in 
the past with new categories of consumer goods, they may 
not be perfect in the first round, but they get [new] people 
into the market. We'll see PCs coming down even more 
[in price]. But WebTV is a new entry level for consumers. 


PS: Do you have a specific vision of what the future of 
home computing looks like? 


PFEIFFER: I think we will see major breakthroughs in 
speech technology, in voice recognition, which will be 
another major enabling technology in creating new things 
and capturing much, much larger portions of the popula- 
tion. I think the visual element between sellers and con- 
sumers will become much more important. Research into 
displaying live video and 3-D objects [on computers] will 
lead to much greater interactivity in electronic commerce. 
In the real estate business, for example, the ability to in- 
teract with others and see things onscreen will make a big 
difference. Today, [an agent] drives you from block to block 
showing you homes you’re not interested in. With visual 
communication, you can narrow your choices down with- 
out going anywhere. We'll see a lot more of this screen- 
to-screen interaction. I believe that will be a major change 
over the next five to 10 years. As PC technology brings 
higher performance and functionality to lower price 
points, and as we have digital television equipment in the 
home, the combination will get more people involved. ® 
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INS I EAD OF HIDING 
OUR FU TURE 
TECHNOLOGY 
WE SELL TICKETS 152 ГІ 


; www.fofd.com By permission of Daytona properties. 


FORD MOTORSPORTS 
The ultimate proving ground. 


At Ford, the race circuit is our favorite testing facility. Because going up against real competition 
every weekend is the best way to push our race cars to the limit. What gets improved? Everything trom 
engine technology to braking to aerodynamic stability. Who gets the improvements? Lets just say 
a lot of our winning track ideas make their way to the Ford — 

you can drive. Thats what we call getting great seats. 


MOTORSPORTS 
A SPECIAL REPORT 


By Tony Swan 
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WINSTON CUP UPDATE: 
NAS CA R's tech req ulato [S | NORACING SERIES is more carefully orchestrated to 


keep the contenders nearly equal than NASCAR's Win- 


Despite frequent changes 
to the front air dam and 
rear spoiler by NASCAR, 

Dale Jarrett's Thunderbird 
held the early '97 points 
lead in the Winston Cup. 


k h ° d ا‎ | ston Cup championship. In addition to holding engine 
make t e Win tun ne technology to mid-'60s levels—pushrod valvetrains, cast- 


iron blocks, carburetors, distributors, mechanical fuel 

their new court of ста {| pumps—the National Association for Stock Car Auto- 
mobile Racing is more than willing to micromanage its 
rule book to ensure photo finishes. 


clai m 5; the ] Ц гу 15 sti LU Willingness to make ongoing rules adjustments—and 


| to listen to concerns aired bv the various teams—also 

O ut O n th е FO rd Th Ц П де [- means that the sanctioning bodv is regularly subjected to 
lobbying efforts worthy of the halls of Congress. Through 
. Fo : much of the 1996 season, Ford teams complained that the 

D1 rd $ aero dyna Macs. Chevy Monte Carlo bodywork, as approved for NASCAR 
competition, created an unfair aerodynamic edge over the 

: Thunderbirds. And when the Rick Hendrick Monte Car- 

INFOGRAPHICS BY ITZHACK SHELOMI los of Jeff Gordon, '96 season champ Terry Labonte, and 
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Ricky Craven scored a 1-2-3 sweep at the Daytona 500, 
the '97 opener, those complaints were renewed. 

The net result was a series of tiny tweaks to the aero- 
dynamic profiles of the T-Birds—as well as frequent trips 
to the Lockheed wind tunnel in Marietta, Georgia—as 
Winston Cup Series Director Gary Nelson sought to make 
the playing field as level as a billiard table. 

After Daytona, NASCAR initially allowed Thunderbird 
campaigners an additional !/8 inch of front air dam. 
That's an infinitesimal amount in a street car, but at 180 
and 190 mph, tiny increments make a difference. Reduc- 
ing front ground clearance restricts the amount of air 
forcing its way under the car at racing speeds, redirecting 
it over the hood and increasing downforce at the front. 
More front downforce equals more grip, improving turn-in, 
and less air under the car improves straightaway speed. 

Predictably, the Chevy camp howled at this dispensa- 
tion, even though Jeff Gordon followed up his Daytona 
500 victory by winning the 400-miler at Rockingham, 
North Carolina, a week later. When Dale Jarett's Thun- 
derbird dominated the 500-mile race at Atlanta Motor 
Speedway the week after that, NASCAR restored the 
T-Bird front spoiler to its original dimensions. 

Jarrett and Ted Musgrave responded with a dominat- 
ing T-Bird performance at Darlington, South Carolina, 
March 23, whereupon NASCAR whittled a !/4 inch off 
the rear decklid spoiler of the Ford entries prior to the 
500-mile inaugural of the brand-new Texas International 
Raceway near Fort Worth. Less rear spoiler equals less 
rear downforce, which in turn means less rear-end grip. 

NASCAR's aero-tweaking was overshadowed at Texas 
by complaints about the new $110 million track, a fast 
1.5-mile oval with dual banking—5? low, 24° high, a 
design conceived to accommodate both Indy cars and 
NASCAR stockers. [See "Race Paving 101," page 90.] 
When the dust had settled, 25 of the 43 starters had been 


involved in crashes of varying magnitudes, nine severe 
enough to take them out of the race. 

The problem seemed to be the relatively tight doglegs 
at turns one and four, which made passing difficult and 
frequently hazardous. 

Rusty Wallace, whose Thunderbird was retired at mid- 
distance in a multicar crash, was the most vociferous 
among the many drivers who criticized the new facility. 

“I really believe they're going to have to do a total re- 
construction to get this place right," he said. 

Meanwhile, Ford chalked up another victory—the 
first ever in the Winston Cup for Jeff Burton, with Jarett 
right behind—and NASCAR went back to the wind tun- 
nel. Although Jeff Gordon ended Ford's win streak on 
April 13 by bumping Rusty Wallace aside within sight 
of the finish line at Bristol, Tennessee, NASCAR 's tech- 
nical crew continued to ponder the possibility of further 
changes to the Thunderbird's aerodynamics. 

Further proof of NASCAR’s determination to impose 
equality on the Winston Cup series is its new weight rule. 
The cars still have to weigh in at 3,400 pounds minimum, 
without the driver. But consistent with NASCAR's game 
of inches, there's also a new minimum— 3,600 pounds— 
for car and driver together. 

Under the car-only weight system, a driver like 1995 
champion Jeff Gordon, who scales in at about 150 pounds, 
had a small but significant advantage over Dale Jarrett, 

a 200-pounder. On the other hand, adding 50 pounds of 
ballast to achieve parity isn't quite as egalitarian as it may 
seem, since the team has some discretion in placing the 
ballast to improve weight distribution. 

Still another element in the lobbying— beyond aero- 
dynamic issues—is the question of horsepower. Leading 
Chevy teams complain that the Ford engines—in partic- 
ular, the Robert Yates engines of Dale Jarrett and Ernie 
Irvan—have a distinct edge in output versus even the 


Aero Adventures 


dated several changes to the Ford Thunderbird's profile. 
Raising the front air dam increases airflow beneath 
the car, reducing front downforce. Lowering 
the height of the rear decklid spoiler 


In the early rounds of the '97 Winston Cup, NASCAR man- 


ES 


decreases rear downforce. The tire 
grip is reduced in both cases. 


PASCAL HONDEAL 


best of the Chevy motors, as well as the Pontiac engines, 
which are, of course, identical to Chevy’s. 

As the teams headed for Martinsville, Virginia, and 
round eight of the 32-race season, there were rumors of 
possible weight handicapping for Thunderbirds—all dis- 
missed by NASCAR, but persistent nonetheless. 

Finally, even as controversy swirled around the Win- 
ston Cup Thunderbirds, Ford created another stir by 
stating that it would discontinue the current production 
T-Bird at the end of the '97 model year, with no immedi- 
ate replacement in sight, an announcement that came 
as a surprise to at least some of the Thunderbird teams. 
(There were 23 T-Birds at Texas, versus a dozen Chevro- 
lets and eight Pontiacs.) 

NASCAR wouldn't have much of a series without 
Ford, and its rules allow Ford to campaign Thunderbirds 


PPG-CART UPDATE: 
Spectacular debut for a 


new American chassis. 
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through 1999. Ford has made it clear, however, that it 
doesn’t want to race a car that it no longer sells. 

What it will race instead is a source of ongoing specu- 
lation. Ford insiders hint that there may be a NASCAR 
Taurus next year. But Jack Roush, who fields a T-Bird for 
perennial front-runner Mark Martin, claims that nothing 
has been settled and that it’s already almost too late to 
prepare a competitive Taurus for the 1998 season. 

So as the '97 Winston Cup championship heads into 
its second half, at least a few things seem clear amid the 
uncertainties: Dale Jarrett and Jeff Gordon are the like- 
liest bets to unseat '96 champ Terry Labonte for the 
'97 title; Dale Earnhardt is struggling in his bid for an 
eighth championship; and NASCAR's off-track intrigues 
are almost as much fun to follow as the actual racing. 

Maybe even more. 


i Michael Andretti 

ES parlayed the power 
of the redesigned 
Ford-Cosworth XD 
V8 and an all-new 
car to title con- 
tention in the early 
rounds of the PPG- 
CART series. 


WINNING IN A major league racing debut is like stepping 
up to the plate in your first major league at bat and swat- 
ting one over the fence. Impossible? No. But very unlikely. 

Yet in the 1997 PPG-CART World Series opener at 
Homestead, Florida, Swift Engineering, Newman-Haas 
Racing, Ford-Cosworth, and Michael Andretti combined 
to hit a resounding home run with an all-new made-in- 
America chassis. 

The emergence of chassis builder Swift, headquartered 
in San Clemente, California, makes this something of a 
turning point in a series dominated by cars built overseas. 
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The PPG-CART World Series is America's premier 
open-wheel racing campaign, as well as this country's 
motorsports techno-showcase. For the past 14 years, 
however, it's been largely an imported show. Bobby Rahal 
and, last vear, Dan Gurney have attempted to campaign 
American-made chassis, but without success. The domi- 
nant chassis of the past few seasons—Lola, Penske, and 


. more recently, Reynard—are all fabricated in England. 


And with the demise of the old Buick-Menard V6, last 
of the so-called CART stock-blocks, engine sourcing is 
split between the United Kingdom (Ford-Cosworth and 
Ilmor-Mercedes) and Japan (Honda and Toyota). 

But the arrival of the Swift 007.1 injects a welcome 
element of Yankee ingenuity. A successful producer of 
small open-wheel racing cars since its establishment 
in 1983, Swift elected to make the jump into Indy cars 
when Newman-Haas co-owner Carl Haas ended his long 
association with Lola Cars as U.S. distributor. 

Primary credit for the new chassis goes to Swift co- 
founder David Bruns, with support from Ford motorsports 
engineering. And add to the contributors list Newman-Haas 
aero expert Mark Hanford and engineers Peter Gibbons 
and Brian Lisle, as well as a state-of-the-art computer- 
aided design system. But the real architect of the 007.1 
is Swift's advanced wind tunnel, which has also been used 
to develop the all-conquering Williams Formula One cars. 

Swift uses a moving plane beneath the wheels, rather 
than the more common static approach. It's a critical 
distinction in the aerodynamic development of an open- 
wheel race car, since the exposed wheels create addi- 
tional aero variables when they're turning. 

Two visible results of the Swift wind tunnel program 
are the exhaust system for the Ford-Cosworth engine 
and the transmission, neatly packaged out of the airstream 


Single-element 
speedway-style 
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Six-speed gearbox 
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at the rear of the car. The net result: a competitive car 
right out of the box, even though track testing didn't be- 
gin until a mere six weeks before the first race. Andretti 
followed up his Florida win with third place in round 
two, at Surfer's Paradise, Australia, and was running in 
fourth place at Long Beach, California, before a series 
of tire failures. 

Three of the four engines used in CART cars appear 
to have achieved something close to power parity. 

With lower turbo-boost pressure for 1997—a safety- 
oriented rule change aimed at reducing top speeds—the 
engine picture has changed a bit. Redesigned for the 


new season, Honda’s 2.65-liter V8, the clear leader in 1996, 


still seemed to have a small edge in the early racing rounds, 
even though the updated Ford-Cosworth XD and Ilmor- 
Mercedes IC108D had reduced that edge to a hair's 
breadth. Racing engine designers are always reticent about 
discussing improvements, but extensive remapping of 
electronic engine-control systems played an important 
part in broadening the powerbands, particularly for the 
Ilmor-Mercedes. 

Meanwhile, Toyota, the '96 newcomer, was still playing 
catch-up with the redesigned RAVSB version of its engine. 
Although Honda and Mercedes engines dominated 

qualifying in the first three rounds, Ford-Cosworth pro- 
pelled Andretti's Swift and Scott Pruett's Reynard to 
victory in Florida and Australia, respectively, before Alex 
Zanardi's Reynard scored for Honda at Long Beach. 

All of which adds up to another memorable season. 
The PPG-CART campaigners may be locked out of the 
Indy 500, but they continue to field the most competi- 
tive open-wheel racing show in the world. 


Swift Secrets 


Advanced aerodynamic development is visi- 
ble at the rear of the new Swift 007.i chassis, 
where a raised gearbox optimizes underbody 
airflow exiting at the rear of the car. 
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GENES MINDS ARE ALWAYS RACING 


www.toyota.com ©1997 Toyota Motor Sales, U.S.A., Inc. 


MAY 


JULY 12 


JULY 19 


AUG. 9 


OCT. 18 


NOV. 1 


NOV. 9 


SCHEDULE TENTATIVE 


WALT DISNEY WORLD SPEEDWAY 
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TUCSON RACEWAY PARK 
TUCSON, AZ 


HOMESTEAD MOTORSPORTS COMPLEX 
HOMESTEAD. FL 


PHOENIX INTERNATIONAL RACEWAY 
PHOENIX, AZ 


PORTLAND SPEEDWAY 
PORTLAND, OR 


EVERGREEN SPEEDWAY 
MONROE, WA 


I-70 SPEEDWAY 
ODESSA. MO 


NEW HAMPSHIRE INTL SPEEDWAY 
LOUDON, NH 


TEXAS INTERNATIONAL RACEWAY 
FORT WORTH, TX 


BRISTOL MOTOR SPEEDWAY 


BRISTOL. TN 


NAZARETH SPEEDWAY 
NAZARETH, PA 


MILWAUKEE MILE 
WEST ALLIS, Wi 


LOUISVILLE MOTOR SPEEDWAY 
LOUISVILLE, KY 


COLORADO NATIONAL SPEEDWAY 
DACONO. CO 


HEARTLAND FARK TOPEKA 
TOPEKA, KS 


INDIANAPOLIS RACEWAY PARK 
INDIANAPOLIS, IN 


FLEMINGTON SPEEDWAY 
FLEMINGTON, NJ 


NASHVILLE SPEEDWAY USA 
NASHVILLE. TN 


WATKINS GLEN INTERNATIONAL 
WATKINS GLEN. NY 


RICHMOND INTERNATIONAL SPEEDWAY 


— ALIA, iji 
RICHMOND JA 


EP TTL лал у, 
MAHIINSVILLE SPEEDWAY 


MARTINSVILLE. VA 


SEARS POINT RACEWAY 
SONOMA, CA 


MESA MARIN RACEWAY 
BAKERSFIELD, CA 


CALIFORNIA SPEEDWAY 
FONTANA, CA 


PHOENIX INTERNATIONAL RAGEWAY 
PHOENIX, AZ 


LAS VEGAS MOTOR SPEEDWAY 
LAS VEGAS, NV 


SUBJECT TO CHANGE 


THE NASCAR CRAFTSMAN TRUCK SERIE 
TOUGHNESS RIGHT OUT OF THE BON. 


A 


THE NASCAR CRAFTSMAN TRUCK SERIES. ONLY ONE BRAND OF TOOLS IS TOUGH 


ENOUGH TO BRING IT TO YOU. AND ONLY ONE PIT BOX IS TOUGH ENOUGH TO HOLQ 


THEM. MADE WITH HEAVY-DUTY, SLAM-SHUT CONSTRUCTION. SMOOTH-GLIDE 


BALL BEARINGS FOR LONG LIFE AND DURABILITY. AND WITH OVER 21,000 CUBIC 


ESPN INCHES OF DRAWER SPACE, STORAGE BY THE TRUCKLOAD. CRAFTSMAN PIT BOXES 


AND THE NASCAR CRAFTSMAN TRUCK SERIES. THE TOUGHEST THINGS ON WHEELS 
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MAKES ANYTHING POSSIBLE 
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OUR MIND. MINDS . ARE ALI WAYS RACING RACING 


The KOOL/Toyota 
Atlantic Championship. 
See a legend in the 
making on ESPN2. 


(Air dates subject to change. 
Check local listings for details.) 


Bosch Spark Plug Grand Prix 
presented by Toyota 
Saturday, May 3 
4 pm EST 


Miller 200 
Saturday, June 7 
5 pm EST 


Grand Prix Players du Canada 
Saturday, June 21 
5 pm EST 


Medic Drug Grand Prix of Cleveland 
Saturday, July 19 
5 pm EST 


Molson Indy Toronto 
Saturday, July 26 
5 pm EST 


Grand Prix Players de Trois-Riviéres 
Saturday, August 9 
2 pm EST 


Miller 200 
Saturday, August 16 
4 pm EST 


Texaco/Havoline 200 
Sunday, August 24 
12 pm EST 


Molson Indy Vancouver 
Sunday, September 7 
12:30 pm EST 


Toyota Grand Prix of Monterey 
Sunday, September 14 
1:30 pm EST 


Win Great Prizes! 


Toyota Atlantic Championship 
Sweepstakes on ESPN2. 


Call 1-888-285-2685 or visit 
our Web site at www.toyota.com 
for Sweepstakes information. 
No Purchase Necessary. 


Void Where Prohibited. 


Open to Legal Continental U.S. Residents | 
Who are Licensed Drivers 21 or Older. 


Final Sweepstakes Ends 9/24/97. 
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ATLANTIC CHAMPIONSHIP 


The Technology ~ 
Of Motorsports 


ADVERTISEMENT 


If The Thought Of 


ت 


EL SE] 


НЫЧЫ кз | 


ASAD mcum 


= Р ч = ES = 
Mr U3 


Craftsman Stubby wrenches are 
designed for use in tight working 
areas, and they're available at 
your local Sears and through the 
Craftsman Catalog. To order a 
Craftsman catalog, call 1-800-377- 
7414, 24 hours, 7 days a week. 


pi MERCHANDISE 


48 Page full color catalog with 
hundreds of licensed apparel and 
accessories from the top names in 
Formula 1, CART and NASCAR. Call 
1-800-777-4453 for a free catalog. 


90,000 Lbs. Of 
| Door-To-Door 
rong Thunder 
“Л "TEE m your pss 
— living Room > 


Papyrus NASCAR" Racing 2 is the 
world's best PC racing simulation. 
Compete in an officially sanctioned 
NASCAR championship over the 
Internet. Everything else is just a 
game. To order, call 800-757-7707, 
or visit your local reseller. 


@A sierra 


К „| 
— 


PAPAS RUS 


HEY, TRD WILL PAY 
YOU TO RACE. 


(TO YOUR PHONE THAT IS) 


Introducing the new 
TRD (Toyota Racing 
Development) 
Catalog. Order high- 
performance sport 
parts for your Toyota Car or Truck 
from the same company produc- 
ing Toyota's IndyCar V8 engine. 
Choose from lowering springs and 
Bilstein gas shocks to Carbon 
Metallic™ brake pads or stylish 
Toyota Motorsports and TRD- 
logoed apparel and accessory 
items. Of course, they all have the 
quality workmanship you'd 
expect from TRD. Stop by your 
participating Toyota dealer, or 
call 1-800-688-5913 to order the 
catalog. It costs only $5, but you 


can apply that to your first pur- 


chase. TRD 


“з. Toyota Matar Sales, USA, Int 


IRL UPDATE: Engine failure 


plagues stock-block V8s. 


Tony Stewart's new 
G Force Aurora was 
the fastest qualifier 
in first two rounds. 


` -RYOBI 


JUDGING BY THE EARLY results of this year’s Indy Rac- 
ing League campaign, converting a stock engine for rac- 
ing purposes isn’t as easy as it looks. As the IRL teams 
converged on Indiana for the month of May, one issue 
was paramount: engine durability. 

While this is the IRL’s sophomore season, it’s the 


first for the league's stock-block engine formula: 4.0 liters, 


production based, normally aspirated, limited to 10,500 
rpm, and $75,000 per copy. Nissan and Oldsmobile have 
stepped up to support the new series. The two engines 
are based on the twin-cam 32-valve 4.0-liter V8s offered 
in the Infiniti O45 and Olds Aurora. 

Oldsmobile’s IRL engine program was further along 
than Nissan’s at the start of the season, and only three 
Infiniti-powered cars showed up to contest the opening 
rounds at Orlando, Florida (Jan. 25), and Phoenix (March 
23). As a logical consequence, a larger number of engine- 
related failures occurred among the Aurora Indy V8s 
than among the Infiniti powerplants. 

Nevertheless, the problems for both engines were 
ominously fundamental in character. Teams employing 
the Aurora V8 experienced difficulties relating to the 
engine’s lubrication system—fluctuating oil pressure 
and cracks in the oil pan castings. Among the precious 
few Infinitis, there were hints that the bottom end of 
the engine might not stand up to the 500 miles of high- 
speed punishment that goes with the Indy 500. 

Although all the teams were ultraconservative in the 
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Orlando opener, and rain halted the race 51 laps short 
of the scheduled 200, only nine of the 19 starters were 
still running, with just two of them on the same lap as 
Eddie Cheever's winning G Force Olds Aurora. 

At Phoenix, 14 engines expired over the weekend, 
and even though 79 of the 200 laps were run under the 
caution flag, 13 of the 22 starters failed to finish. Only 
two cars were on the same lap as winner Jim Guthrie. 

A lesser issue with the new engines was the overpow- 
ering roar of the mandated IRL exhaust systems, which 
make a poor—and deafening—contrast with the high-tech 
wail of a CART turbo V8. 

On the plus side, most IRL competitors pronounced 
themselves pleased with their new G Force and Dallara 
chassis, while others awaited the June arrival of the new 
Riley & Scott chassis, which will add another all-Ameri- 
can element to the series. 

Although control of the Indy 500 gives leverage to 
this series, to achieve long-term viability the IRL will 
have to put on a better show than it did early in 1997. 


| IRL exhaust 
systems are 
| ww reminiscent of 

р ES classic 1960s 

Е “bundle of 

snakes” designs. 
| They generate 
| deafening 


| noise levels. 
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IT’S NOT BRAIN 


You can learn a lot of things from books. 
Building a championship racing engine isn't one 
of them. It’s arguably the highest form of engine 
technology anywhere. 

There are no manuals for it. 

Then again, that's just how Mr. Honda liked it. 
He preferred "hands-on" training to "books;' any 
day of the week. 

And especially on Sundays. 

He was a race-car driver himself, believing the 


best place to prove yourself was at the racetrack. 


(You tend to learn a little faster when you're racing.) 


At Honda, many of the engineers who used 
to develop our racing engines, now develop 
our passenger-car engines. Because, like 
Mr. Honda himself, we truly value the experience 
our engineers gain working in the pits. 
Wouldn't you? 
For more nuts and 
bolts on our racing 


program, go to www.honda.com on the Internet. 
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AFTER A CONSTRUCTION hiatus of almost 30 years, new 
racetracks have been sprouting around the United States 
like spring flowers, while a number of existing facili- 
ties are undergoing upgrades designed to take them 
from minor to major league status. 

Most of these layouts are either oval tracks or multiuse 
facilities with high-speed ovals as their centerpiece. The 
ovals range from fast one-mile layouts like Pikes Peak 
International Raceway, near Colorado Springs, to super- 
speedways like Fort Worth's Texas Motor Speedway and, 
perhaps the best of the new bunch, Roger Penske's 2-mile 
California Speedway, 40 miles east of Los Angeles. 

While configurations vary widely, there's one common 
theme to all the new facilities: fan friendliness. You'll 
find football stadium-style seats with real seatbacks in- 
stead of old-fashioned bleachers. Phalanxes of VIP suites. 
And lots of rest rooms. 

Lost in all the hoopla, however, are the actual tracks 
themselves. What are they made of? Have track design 
and materials technology kept pace with the new art 
of fan comfort? 

A racing surface must have special properties. Tops on 
this list is resistance to the forces exerted by racing tires. 
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| | Today's track 
designs favor the 


fan. Updated 
Bristol Speedway 
seats 118,000. 
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The surface isn’t subjected to the kinds of vertical loads 
found on highways, and the paving is consequently thin- 
ner—three layers totaling about 4 inches, compared to 11 
to 15 inches for roads designed to deal with 18-wheelers. 
Yet high temperatures and the shearing forces of a herd of 
race cars with sticky tires can strip the aggregate from the 
asphalt, which in turn loosens the track surface. 

Another challenge for racetrack paving is long periods 
of disuse. Regular use is actually beneficial to an asphalt 
surface, compressing the paving and reducing the onset 
of thermal cracking and consequent oxidation. 

On tracks with banked turns, where the banking acts 
like a solar collector, the pavement also has to resist "creep" 
—the tendency for the asphalt to behave like an extremely 
viscous liquid at high temperatures. 

Still another challenge is making the paving as smooth 
as possible. While asphalt doesn’t require expansion joints, 
it’s still laid down—at about 300°F—in batches, rather 
than one continuous strip, so the end of one batch has to 
be blended seamlessly with the next. Because the batches 
are laid down in concentric circles, it’s also critical to 
blend one strip with the next to eliminate any demarca- 
tion grooving, which can produce unnerving handling 


JULY 1997 Boum 


BABA EH 


Learned about clean Zigged when he 
fuel injectors the hard way. | kriči 
el injectors the hard way. should have known 


Didn't realize how about Gumout. 


well Gumout improves 
acceleration of fuel- 
injected cars. Oops. 


4 
| Thought he could 
` ¦ outperform Gumout. 7 

| "a Didi ‘Have special 
ГТ Gumout/detectors. 


i a “Better cleaning for 

| E ||| fh. u^ ^ SS # better performance” 

f t ME K SUN ,gà doesn't translate into 
mosquito. 


Never heard the 
buzz about Gumout. 


His first 
+ impression of Gumout 
was also his last. 


' Saw the light. Twice. 


ZMOTORSPORTS 


AMERICA 


when traveling at the high speeds race cars can hit. 

Virtually all new racetracks are paved with asphalt. 
It's less abrasive than concrete and yields a seamless sur- 
face. But it's not your garden variety highway surface. 

According to Bill Pfeiffer, a structural engineer at 
Indianapolis-based FRP Architects/Engineers, the right 
stuff for the unique demands of racetrack paving is a 
substance called “blast furnace slag.” 


A longtime consultant to the Indianapolis Motor Speed- 


way, FRP did the design work on the California and 
Pikes Peak tracks, as well as the year-old Las Vegas Motor 
Speedway, another sparkling newcomer. 

Pfeiffer cites several advantages for blast furnace slag. 

“It’s very hard,” he says, “so it resists polishing. It’s 
very light. And it’s very porous—the texture is almost 
like moon rock, or a meteorite. 

“The advantage of porosity is that we get a much more 
comprehensive mixture when the asphalt is blended with 
the aggregate. All the aggregate gets uniformly coated, 
and that creates better bonding.” 

Another key element of the recipe is the addition of 
polymerized particles. 

“Basically, it’s rubber,” says Pfeiffer. “Adding polymers 
to the asphalt extends its temperature range and resis- 
tance to thermal cracking. 

“It’s similar to the difference between a single-grade oil 
and one with multiple viscosity.” 

Racetrack design—the length of the circuit, its bank- 
ing, and general configuration—is a separate but equally 
important issue. 

FRP architect Paxton Waters, who worked directly 
with Penske in developing California Speedway, boils this 


Graded earth © 


1-in. polymerized asphalt surface layer 
1.5-in. asphalt aggregate leveling layers 


8-in. compacted crushed rock layer 


complex discipline down to a few key fundamentals. 

"What you want is a circuit that's wide enough to 
have more than one racing groove, [so that] the entry 
into the turns doesn't require hard braking. 

"The only braking should be for traffic, not for the 
corners." 

Although racetrack design has evolved, it's still not 
an exact science. 

One example of a design concept that required rethink- 
ing is the $40 million Metro-Dade Homestead Motor- 
sports Complex near Miami, a four-cornered layout that 
replicates the 2.5-mile Indianapolis circuit in 1.5 miles. 
This resulted in turns that are too tight. 

"You can't assume that a particular geometry is going 
to work the same way on a smaller scale," says Waters. 

Another design that has drawn complaints is the new, 
$110 million Texas Motor Speedway, with its dual bank- 
ing and its abrupt dogleg turns leading onto and off the . 
short front straight. 

The purpose of the dual banking—8° on the inner 
portion of the tri-oval, 24? on the high side—was to 
accommodate both Indy cars and NASCAR stockers. 

But in the April NASCAR inaugural, a number of 
Winston Cup drivers complained that the track was too 
narrow to allow passing, and that the transition from the 
low banking to the high was too abrupt, unsettling the 
cars and contributing to a number of multicar pileups. 

"Our goal is to create tracks that don't require the 
teams to make all kinds of car modifications in order to 
race," says Waters, "and also allow plenty of room for 
side-by-side racing through the corners." 

That's a goal any driver could love. ® 


Smooth Racing Starts Here 


Cross section of Colorado's Pikes Peak Inter- 
national Raceway reveals underpinnings of 

a new one-mile banked oval circuit. Graded 
earth is first covered with compacted crushed 
rock, followed by two layers of an asphalt- 
sand-gravel aggregate. Ultrasmooth surface 
layer is composed of harder blast furnace 
slag asphalt mixed with rubber and sand. 
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And the Ram rear bench is—you 
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Feel how comfortable the Ram rear *J.D. Power and Associates 1995 & 1996 Automotive Performance, 
Execution, and Layout Studies?" based on 27,859 ('95) and 25,492 


seat is. Its suspension incorporates a ee (o consumer responses. 


Americas Truck Stop її À P | The New Dodge 


-- c— کے‎ 


POPULAR 


SCIENCE 


What makes a boomerang come 
back to you? 


гопіепатаіа@јипо.сот 


BOOMERANGS work according to а 
combination of aeronautical princi- 
ples, including precession torque 
and gyroscopic stability, says Mark 
Drela, associate professor of aeronau- 
tics at MIT. In some ways, the effect 
is similar to throwing a Frisbee at a 
steep angle so that it swoops up in 
an arc, then lands back at your feet. 


Fluorescent Lamps 


ЕР ы, 


EDITED BY CECILIA WESSNER | 


A Frisbee flies without wobbling 
because its disc shape has mass in 
all directions in one plane. This 
gives it stability when it spins. 

To a lesser extent, a boomerang 
also has this gyroscopic stabil- 
ity: It has mass in two direc- 
tions within a plane. 

The difference between a Fris- 
bee and a boomerang is that the 
latter is essentially two little wings 
spinning round and round, says Drela. 
If the boomerang is rotating coun- 
terclockwise, for example, and head- 
ing into the wind, the wing on the 


HOW IT WORKS 


right is advancing into 
the wind, while the wing 


gives the right wing more lift 
than the left wing. The result 
is lift that's to the right of the cen- 
ter of the boomerang. 

What complicates this is the ef- 
fect of the gyro, in something called 
precession torque. Since the lift is 
to the right of center, as in our ex- 
ample, the boomerang tilts upward 
and flies in an arc, just like the flight 
pattern of the Frisbee that's thrown 
at an angle. "It seems counterintu- 


MODERN FLUORESCENT LAMPS COME IN MANY SHAPES AND SIZES, including straight tubes, circles, and folded compacts. 
Because they operate on an entirely different principle, they are much more efficient than incandescent lamps. Fluorescent 
lamps require only one-third to one-fifth the energy of an incandescent to create the same brightness. They also last far 
longer than incandescent bulbs, up to 20 times as long.—Arthur Fisher 


E When the lamp is switched on, 
an electronic component called a 
ballast provides a starting voltage 
high enough to heat the electrodes 
and trigger an electric arc, which 
vaporizes a tiny amount of mercury. 
The ballast also regulates current 
and voltage for proper performance. 


94 


Electrode 


Phosphors 


Inert gas 


© The mercury vapor, mixing with 
inert gas (argon/neon or krypton) 
inside the tube, emits invisible 
ultraviolet light. The ultraviolet light 
bombards powdered compounds 
called phosphors that line the inner 
surface of the glass. 


Ultraviolet 
rays 


i Light 


Єў The phosphors glow with visible 
light. The color of the light—from 
a reddish warm to a cool blue— 
depends on the mix of the specific 
phosphors used in the lamp. 
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on the left is retreating. That 
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itive,” admits Drela. “You'd think 
that lift to the right of center would 
flip the boomerang to the left. But 
gyroscopes don’t work that way.” In- 
stead, the effect is always at a right 
angle to what you'd expect. 


Isittruethat light and radio waves 
will travel at the exact same speed 
(velocity) between the Earth and 
the moon? 
Mark Steven Allen 
Natchez, Miss. 


YES, THEY TRAVEL at the same 
velocity because they are different 
forms of the same physical phenom- 
enon—electromagnetic radiation. 
This fact was not, however, known 
to science until the 19th century. 

Early in the century, English 
physicist Thomas Young demon- 
strated that light acted as if it trav- 
eled in the form of waves. Later, 
the great scientist Michael Faraday 
(who, incidentally, was one of 10 
children of a blacksmith) speculated 
that electric and magnetic effects 
might also travel as waves. In 1845, 
he devised an experiment proving 
that light could be affected by a 
magnet. Were light and electromag- 
netism somehow related? The next 
year, in a seminal talk at the Royal 
Institution, he proposed one of the 
great unifying theories of science, 
that all the forces of nature behaved 
in a similar way—light, electricity, 
magnetism, and even gravity. 

It fell to the brilliant Scottish 
mathematician and physicist James 
Clerk Maxwell to translate Faraday's 
theories into elegant mathematical 
equations that bound electricity 
and magnetism together and pre- 
dicted the existence of electromag- 
netic waves. They also dictated that 
all such waves would travel at the 
same speed in a vacuum. When 
Maxwell calculated that speed, he 
found it to be the same as that of 
light, approximately 300,000 kilome- 
ters per second, a velocity that had 
been arrived at experimentally long 
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before. Maxwell did not believe this 
was a coincidence; light must be an 
electromagnetic phenomenon. He 
also predicted that an oscillating 
electric charge could generate elec- 
tromagnetic waves. 

That conclusion was triumphantly 
vindicated in 1888 when German 
physicist Heinrich Hertz proved the 
existence of the waves by generating 
what are today called radio waves 
from a spark between two metal balls. 

Today, we know that electromag- 
netic waves consist of moving elec- 
tric and magnetic fields. The distinc- 
tions that we make among radio, 
ultraviolet, infrared, visible light, 
X-ray, and gamma waves, for exam- 
ple, are arbitrary. They are all elec- 
tromagnetic radiation, differing 
primarily in wavelength (and its in- 
verse, frequency). So radio waves 
are millions of times longer than 
those of light. But they all travel 
at the same speed. 


How is hi-fi stereo sound different 
from stereo sound? 
Darren Dupre 
ndupre@aol.com 


STEREO SOUND—whether from 
audio equipment, TV, or home the- 
ater—attempts to reproduce an orig- 
inal sound source in the listener's 
environment, through loudspeakers 
or headphones, in a way that pre- 
serves the dimensional quality of the 
original. The word stereo implies 
space, solidity, or three-dimensional- 
ity. Minimally, stereo sound is gener- 
ated by two separate sound channels, 
typically right and left. Early efforts 
at stereo sound (also called binaural, 
or two-eared, sound) magnified the 
right-left separation in a kind of arti- 
ficial “ping-pong” effect. 

Today’s stereo is a lot more sub- 
tle. Some sound systems use more 
than two channels to reproduce the 
acoustics of a theater or concert hall, 
with ultrarealistic effects. 

The phrase hi-fi, or high-fidelity, 
implies a certain accuracy of sound 
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differ from the cars and trucks parked 
in our nation’s driveways. But other 
than the enormous variance in horse- 
power—NASCAR trucks, for example, 
develop 400 to 500 horsepower more 
than a standard full-size pickup— 
what sets these vehicles apart? Here, 
some statistics and factoids. 
—compiled by William L. Thienot 


NASCAR Winston Cup stock cars use 
gasoline with an octane rating of 
104. Championship Auto Racing Team 
(CART) and Indy Racing League (IRL) 
cars run on methanol, while sprint 
cars run on methanol or ethanol. 


Fuel cells (gas tanks) in NASCAR Win- 
ston Cup cars have a 22-gallon capac- 
ity. The fuel cells in CART cars have a 
maximum capacity of 40 gallons; IRL 
cars are limited to 35-gallon fuel cells. 


Winston Cup cars must weigh a mini- 
mum of 3,400 pounds; the CART mini- 
mum is 1,525 pounds for superspeed- 
way events and 1,550 pounds for other 
oval and road course events. Begin- 
ning in 1998, sprint cars must have a 
post-race weight of 1,550 pounds. 


Winston Cup drivers must weigh at 
least 200 pounds. Underweight driv- 
ers must add weight to their cars in 
10 pound increments. 


NASCAR Winston Cup race cars have 

a wheelbase of 110 inches. The wheel- 
base on sprint cars can range from 83 
to 90 inches. As a comparison, a 1997 
Ford Taurus sedan has a wheelbase of 

108.5 inches. 


The minimum tensile strength of a 
CART car seat belt is 8,000 pounds; 


the shoulder harness 

has a minimum tensile 
strength of 3,000 pounds. 
In a passenger car, the mini- “4 
mum strength required for a lap belt 
alone is 6,000 pounds; for a combina- 
tion lap/torso harness, the minimum 
requirement is 5,000 pounds for the lap 
portion and 4,000 pounds for the harness. 


It took 3.2 million bricks to pave the 
Indianapolis Motor Speedway in 1909. 
A 36-inch strip of the original brick 
remains intact at the speedway start- 
ing line today. 


The dual carburetors on a National 
Hot Rod Association Pro Stock car 
gulp more air per minute during a 

single race than would be needed 

to inflate the Goodyear blimp. 


NHRA Top Fuel dragsters and Funny 
Cars burn 16 to 20 gallons of fuel per 
mile; their fuel pumps deliver 58 to 
60 gallons of fuel per minute—equal 
to eight bathroom showers running 
simultaneously for a minute. CART 
cars use about one-tenth that amount 
of fuel. They are allocated 1.8 gallons 
of gas for each racing mile. 


The nitromethane used to power Top 
Fuel dragsters and Funny Cars costs 
about $30 per gallon. 


The rear wing of a Top Fuel dragster 
can develop between 4,000 and 8,000 
pounds of downforce. 


Top Fuel dragsters leave the starting 
line with a force of almost five times 
that of gravity—the same force as 
the space shuttle when it leaves the 
launch pad. 
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production. But because that level 
is undefined, the phrase itself has 
little meaning. 

Decent audio equipment should 
reproduce much of the frequency 
spectrum that humans can perceive— 
roughly, from 20Hz to 22,000Hz 
(hertz, or cycles per second)—with 
reasonable accuracy and at rela- 
tively low levels of distortion. Just 
how much of the spectrum, how 
accurate, and at what low level of 
distortion depends on what the 
consumer wants to spend. An ade- 
quate sound system can be assembled 
for less than $1,000. A perfectionist 
could spend as much as $25,000. 

In brief, stereo is stereo, but hi-fi 
is what you make of it. 


What determines the freezing and 
boiling points in liquids, and what 
gives one liquid a higher boiling 
point and another a lower опе? 
Ajay Vadera 
Toronto, Canada 


LIKE MANY ISSUES in science, the 
answer lies at the molecular level. 

First, some background. Matter 
has three common phases: solid, 
liquid, and gas. Each phase is de- 
fined by the interaction of the atoms 
or molecules of the matter. In a solid, 
atoms are rigidly locked in place by 
chemical bonds. In a liquid, they 
can move, but only weakly interact 
with one another. In a gas, atoms 
or molecules behave independently 
and move about freely. 

When a substance changes from 
one phase to another, such as from 
a liquid to a gas, energy (usually heat) 
is taken in or given up. То make a 
liquid boil, enough energy must be 
added to disrupt the weak interactions 
between the liquid molecules, free- 
ing them to move as a gas. To freeze 
or solidify a liquid, energy must be 
removed so that stronger interactions 
can lock the molecules into place. 

If a liquid has a high boiling 
temperature, its molecules interact 
more than those of a low-boiling- 
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point liquid. The electrical charac- 
teristics of the molecule or atom are 
what make the difference. Water, 
for example, is a polar molecule in 
which some parts are more negative 
than positive. This allows a weak at- 
tractive force, called a van der Waals 
force, between water molecules; 
along with another interaction known 
as hydrogen bonding, this gives 
water a high boiling point of 100°C, 
because many interactions must be 
disrupted. By contrast, the mole- 
cules of liquid nitrogen are nonpolar 
and interact far less, giving liquid ni- 
trogen a low boiling point of minus- 
201°C. Thus, we usually encounter 
nitrogen as a gas on Earth. 

Another factor to consider is 
atmospheric pressure: Water, for ex- 
ample, has a lower boiling point at 
higher altitudes, where the atmos- 
pheric pressure is lower. Usually, boil- 
ing or freezing points are given for 
atmospheric pressure at sea level. 


How does a popcorn kernel “pop” 
and what actually happens during 
the process? 

Ryan Krenn 


Marshall, Wis. 


THINK OF A popcorn kernel as a 
sealed container. Inside are a hard, 
translucent starch, a more loosely 
packed soft starch, and moisture, 
which is contained mostly in the 
soft starch. These are all wrapped 
up in the pericarp, or the outer 
coating of the seed (aka the shell). 
When the kernel is heated, the 
moisture in the soft starch changes 
to steam, building up pressure inside 
the kernel. The steam also enters 
the granules of hard starch, cooking 
them and turning them opaque. 
Somewhere between 400 and 460? F, 
the pressure inside the kernel ex- 
ceeds the pericarp’s capacity to re- 
main intact and the kernel explodes. 
During this explosion, the hard starch 
granules, now softened, expand to 
many times their original size, turn- 
ing the kernel inside out and creating 


a flake out of the hard starch. 

But before it gets to your kitchen, 
the corn must be harvested. Popcorn, 
as opposed to sweet corn or other 
varieties of corn, is dried on the stalk 
until it contains about 16 percent 
moisture, based on readings from 
electronic measuring equipment. 
Then it’s harvested and dried until 
it reaches the optimum moisture 
range for popping—between 13.5 
and 14 percent. Unpopped kernels, 
sometimes called “old maids,” don’t 
pop for a variety of reasons. Some 
common ones: too high or low mois- 
ture content, or a damaged pericarp. 

There are more than 700 varieties 
of popcorn, and even nonpopping 
corn will pop. Sweet corn makes quite 
a noise but no flake. For more infor- 
mation about popcorn, including 
its history and popping tips, visit 
the Popcorn Institute’s Web site at 
www.bopcorn.org. 


When and how does frostbite occur? 
Gin Yum 
vía fax 


WHEN A PART of your body—your 
nose or your hand—is exposed to 
extreme cold, the skin and the tis- 
sues beneath it can freeze. Often, 
the first signs of skin headed for 
trouble are a reddish hue and a tin- 
gling sensation. As the tissues be- 
come colder, the skin may begin to 
look pale and feel numb. Because 
of that numbness, people may not 
realize that they're developing a 
case of frostbite. 

Mild cases of frostbite generally 
cause itching and swelling when the 
affected area begins to warm up. 
Blisters may form. This blistering is 
often referred to as chilblain. In more 
serious cases of frostbite, the tissues 
die and must be surgically removed. 

The best way to avoid frostbite 
is to keep your skin protected from 
the cold. Wind and damp or tight 
clothing can also chill your skin. 
The basic first aid for treating frost- 
bite is to soak the affected area in 
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warm water. Don’t rub the skin vig- 
orously. Doing so could damage 
tissues further. 


How does an activated charcoal filter 
remove odors? And where do the 
odors go? 
David Kohler 
kohler-d@clavin.med.ge.com 


MANY DIFFERENT things can give 
water a peculiar taste or odor. Chlo- 
rine, sulfur, and organic matter 
from decaying leaves and algae are 
all common culprits. Activated car- 
bon (sometimes called activated 
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November 1996» 
Poll Results „2 


“Do you think the rays of the 
sun present more danger today 
than they did 10 years ago?” 


Here are the results: 


58.6% 33: 


58.6% think the sun's inve are more 
dangerous 

> ! а % 

й е й 


25.8% do not think the sun's rays are 
more dangerous 


15.6% are not sure whether or not the 
sun's rays are more dangerous 


Most of the readers who think the sun's 
rays are more dangerous say the hole 

in the ozone layer is the culprit. Others 
say that the increase in the incidence 
of skin cancers is proof that the sun's 
rays are more dangerous than ever. 


Among those who don't think the sun's 
rays are more dangerous, several peo- 
ple believe that a depleted ozone layer 
is "hype," that 10 years is not enough 
time for such a change to occur, and 
that people are more aware of the dan- 
ger of exposure to the sun's rays now, 
which may lead to a perceived increase 
in the danger. 


A few readers who agree that the sun 
presents more danger today cite a 
slightly more unusual reason: people 
are wearing less clothing now than they 
did 10 years ago. 
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charcoal) is particularly good at re- 
moving them from the water. 

The term "activated" means the 
carbon is riddled with thousands of 
pores and cavities, giving it an ex- 
tremely large surface area. A quart 
container of activated carbon, for 
example, might have as much sur- 
face area as six football fields. To 
create activated carbon, a manufac- 
turer subjects a raw material—such 
as coal, peat, or coconut shells—to 
high temperatures under controlled 
laboratory conditions. 

When water flows through an ac- 
tivated carbon filter, the odor-caus- 
ing organic compounds become 
attracted to the filter's carbon mole- 
cules, thanks to the weak forces be- 
tween neutral molecules known as 
van der Waals forces. This process, 
in which the organic molecules stick 
to the surface of the carbon, is called 
adsorption. In addition, activated 
carbon removes chlorine from water 
by reacting chemically with it to form 
chloride ions. 

But activated carbon is not par- 
ticularly good at removing salt, iron, 
or heavy metals such as mercury 
and lead from water. 


Are there tigers in Africa? 
Tony Feivor 
Shawano, Wis. 


UNLIKE LIONS, which can be found 
both in Africa and in relatively fewer 
numbers in Asia, tigers inhabit only 
Asia. Until the beginning of the 19th 
century, they were widespread 
throughout the Indian subcontinent 
and elsewhere in southern Asia, and 
also lived in colder northern regions 
in China and Siberia. 

Largest of the big cats, a mature 
male tiger weighs about 420 pounds 
and measures some 9 feet to the tip 
of its 3-foot-long tail. Unfortunately, 
like many other magnificent wild ani- 
mals, tigers have been reduced in 
numbers because of poaching and 
loss of habitat. Tigers are preyed 
upon not only for their handsome 
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Beethoven was only 3'4." 


It may be small. But the Bose® Acoustic Wave® music system is definitely an 
overachiever. The unit features a compact disc player, an AM/FM radio, a handy 
remote control, and our patented acoustic waveguide speaker technology. And it 
produces a rich, natural sound quality comparable to audio systems costing 
thousands of dollars. We know that’s hard to believe. So we’re ready to prove it. 
Call or write now for our complimentary guide to this award-winning system. 
Because, like the system itself, it’s available directly from Bose. 


Call today. 1-800-898-BOSE, ext. A759. 


Mr. Mrs./Ms. i | | | 


Name [Please Print} Daytime Telephone 


Evening Telephone 


0 7 ° 


Better sound through researche 


Address = 


Cry State Zip 


Or mail то; Bose Corporation, Dept. CDD-AT49, The Mountain, Framingham, МА 01701-9168. 
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Tri-Steel makes it easy! 


Tri-Steel has the most Steel framing is 
practical innovations, dramatically changing 
the best customer the way homes are built 
support and the largest and Tri-Steel Structures is 
selection of standard leading the way with over you to take a look at the 
models in the steel 20 years of technical many advantages of 
framed home industry. research and development. Tri-Steel Structures. 


Thousands of people just 
like you have built their 
own steel frame home 
and/or business. We invite 


DISTRIBUTORS WANTED IN SELECT AREAS 
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Tri-Steel 


Structures, Inc. 
„the industry leader. 


CALL TODAY! 


Regional Headquarters toll free at: 
1-888-252-6654 
OPERATOR 227 


(770) 483-3003 Fax: (770) 483-0014 
88? MAIN STREET, CONYERS, GA 30207 


CALL TODAY! 


National Headquarters toll free at: 


1-800-TRI-STEEL 
OPERATOR 227 
(800)874-7833 (940) 497-7070 Fax: (940) 497-7497 
5400 5. STEMMONS FRWY.. DENTON, TX 76205 
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Why Drivers Who Know Radar Detectors Trust ESCORT 


(and how you can get ESCORT performance yourself) 


There is no more valuable name in the industry 


than ESCORT. We've earned the confidence of mil- 
lions of drivers with the most intelligent perfor- 
mance on the road. 

HIGHEST ALERT ACCURACY 

It's no accident that ESCORTs are used more faith- 
fully by their owners than any other brand. With 
the industry's most coveted anti-falsing design, 
ESCORT gives you the absolute highest ratio of true 
alerts for information you can depend on. 

DRIVER FRIENDLY DESIGN 

ESCORT has the most easy-to-use detectors you'll 
find. ESCORT alerts are instinctive. Every feature 
is tested for utility and simplicity to keep you using 
– and enjoying — your ESCORT at all times. 
SMART CHOICES 

With ESCORT's two excellent models, it's simple to 


choose a detector for your driving needs. PASSPORT 


2-SPEEDS, LONG-LASTING ALL-METAL GEARS!!! 


The 15.6v Cordless 


TOWER — 
UE POWER 


As part of a nationwide media cam- 
paign, a MAJOR drill manufacturer has 
authorized us to offer their high-powered 
15.6-Volt 2-SPEED cordless drill at an 
unheard of  $89*. Plus, you get 3 valu- 
able bonuses FREE in the bargain. 


Ww its heavy duty 15.6v charging 
system and dual-variable speed 


ranges, you can count on perfect results 
in wood, metal and other materials. 
TRY IT RISK-FREE 

You have nothing to lose. If this pow- 
erful high-torque cordless drill doesn't 
exceed your expectations, simply return 
it within 30 days for a no-questions-asked 
refund. Your satisfaction is guaranteed. 

To order, call toll-free, 1-800-925-2005 
or send your check for just $89.95 ($8.95 
S&H) Item No. 83-0р5. CA res add tax. 

Extra batteries are just $39.95 each 
($3.95 S&H). Item No. 84-0Р5. Add just 
$12.95 for an upgrade to a 1-Hour Quick 
Charger. Item No. 85-0P5. Plus, look at the 
extra bonuses you can get if you act fast! 


Gall ТОПЕНЕ 1-800-925-2005 * Great Tools Direct! ‘cate common 


4600 is a proven favorite with drivers everywhere. 
New Cordless SOLO is the world’s most advanced 
detector with ultimate mobility and exclusive Pro- 
grammable Options. 


SUPERIOR VALUE 
| 


such. intelligent prices. Can you afford not to pem 
with ESCORT? Order today. 


SOLU'S159/5 PASSPORT 40 
30-Day No-Risk Trial 
Ship/Handling extra. OH res. add 6% sales tax. 
Web site: http://www.escortstore.com/ 


, ESCORT | 


5200 Fields Ertel Rd. Cincinnati, OH 45249 
Department 201667 


3 FREE 
BONUSES! 


If you're one of the first 1,000 to 
take advantage of this exclusive 
direct-to-you offer, you'll get 3 
valuable bonuses to keep — 
even if you return the drill set. 

• 300-Piece Drill Kit containing 
screwdriver bits, twist drill bits, ! 
brad point bits, carbide- „айй 
tipped masonry bits, aa 
drywall anchors 
and storage case. 


• 9" Magnetic 


= 


YOURS FOR JUST 


Accessory Kit. 


See for yourself. Feature for feature, this 15.6-volt power- 
house blows away any cordless drill in its price range. 
* 190 in. lbs. of torque. 
• 2 Variable Speeds 
0-350 RPM - Low 
0-1200 RPM - High 
e Powerful 15.6-volt Battery • Electronic Brake 
e Includes Hardshell Carry 
Case, Battery & Charger. 


* Perfectly balanced T-handle • Your 100% Satisfaction 
design with rubber grip. 


* 6 Precision Clutch Settings 

* 3/8" Jacobs* Keyless Chuck 
• Superb power-to-weight ratio. 
e Battery Charge Indicator 


e High Quality All-Meta! Gears 
* Heversible 


is Guaranteed. Call Now! 


Visit our web site -- http://www.greattools.com | 


pelts, but also for their body parts 
and organs. In some Third World 
countries, such body parts are valued 
because they are believed to have 
aphrodisiacal or medicinal qualities. 

The sad result is that tigers are a 
threatened species, especially the 
Siberian white tiger population that 
inhabits the far east of Russia. A 
1985 survey of this tiger population 
found only 250 of the animals re- 
maining, and that number was fur- 
ther reduced by poachers in the 
early 1990s. But the World Wildlife 
Fund reports that a recent field sur- 
vey shows the white tigers have 
reached a nearly viable level of be- 
tween 415 and 475 animals, thanks 
to improved antipoaching efforts 
supported by the U.S. government, 
the WWE, and other groups. 

“The new survey results show that, 
with focused and concerted efforts, 
we can reverse the decline of tiger 
populations," says Bill Eichbaum, | 
director of the WWF in Russia. | 


Would you please explain the 
moon’s rotation and cycles? 
bert_kuhlmann@smtpgate. 
littonics.com 


THE MOON revolves around the | 
Earth and also rotates on its own axis. 
The time for one rotation is the same 
for one revolution, approximately 
291/2 Earth days, or one month, a 
word actually derived from the word 
“moon.” Because the moon orbits 
the Earth in the same time that it 
rotates, essentially the same side of 
the moon is always facing us—we 
never see the moon’s back side. This 
lockstep motion is not an accident. 
Earth’s gravity created a bulge in 
the moon’s mass, and then gravita- 
tional attraction between the Earth \ 
and the extra mass іп the bulge keeps 
the moon from rotating freely. 

The moon cycles through a pro- 
gression of phases as it orbits the 
sun. A phase is simply the appear- 
ance of the lighted portion of the 
moon, which in turn depends on its 
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relation in space to the Earth and 
the sun at every point of its orbit. 
Visualize the Earth moving around 
the sun while the moon is orbiting 
the Earth, both orbits being pretty 
much, but not quite, in the same 
plane. When the moon is almost 
exactly between Earth and the sun, 
we see the side that is faced away 
from the sun—the dark side. We 
call this the new moon. 

A few days later, as the moon 
edges into the sunlight, we see a 
thin sliver called a crescent. About 
seven days after a new moon, the 
crescent has enlarged so that half 
the face we can see is illuminated— 
the half-moon. Confusingly, it is 
also called the first-quarter moon 
because it comes one-fourth of the 
way through the cycle of phases. 

One week later, the moon is on 
the opposite side of the Earth from 


Yes, it's really possible by making and 
selling bright colorful Badge-A-Minit 
buttons. Buttons are proven money- NE 
makers at fairs, flea markets, con- — QE 
ventions, or anywhere people 
congregate. They're fast and easy 

to make with Badge-A-Minit and 
inexpensive! 

send for a FREE full color 

catalog or send for a 

Starter Kit, only $29.95 

plus $4.25 shipping. 3 

| (IL residents add $1.87 tax) 
Badge-A-Minit, Dept. рѕЅ797, P.O. Box 800, LaSalle, IL 61301 


CALL 1-800-223-4103 


GEODOME HOME KITS os E 

* Hurricane Strong + Energy Efficient а i 

Precut, Ms ed us ex coer D emnt. нз, i 

g 6500sq " from $4,500 « Send $15 for beautiful, 150 p. catalog, plans 
GEODOMES WOODWORKS, INC. 

BOX 4141, Depi. A-7 RIVERSIDE, CA 92514 (PH 209-787-8600) 


FOR SPEEDIER DELIVERY 
PLEASE USE YOUR 
ZIP CODE 
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3465 Diablo Avenue 


the sun, and so its entire face is sun- 
lit—giving us a full moon. (On the 
occasions when the moon is on the 
opposite side and the three bodies 
form a straight line, there is an 
eclipse of the moon.) 

Another week and we again view 
a half moon, this time called the 
third-quarter moon, and finally, just 
291/2 days from the last new moon, 
another new moon. 


QUESTIONS FOR FYI? 


We answer your most frequently asked 
science and technology questions in the 
Ask Popular Science section of FYI. Only 
letters that are selected for publication 
can be answered. 

E-mail: AskPopSci@popsci.com 
Address: 2 Park Ave., New York NY 10016 
Fax: 212-481-8062 


Professional-quality 
weather stations for 
home or industry. 


Various models track temperature, | 


wind, rain, evapotranspiration, heat- 
stress index, UV index, degree-days, 
and more. Priced from $150”. 


For a free catalog of all our 
stations and accessories, call 


1-800-678-3669 
| | PS2796 
Davis Instruments 


' Hayward, СА 94545 * www.davisnet. com 


SINGERS !5MOVEf 


Unlimited, Low Cost, Instantly Available AME 


Backgrou nd Music from Original Standard 
does... Bet Does Everything Karaoke 


Better and gives you ће 
n Vocal ünator" ш 
rochure & Demo Tape 


LT Sound De pt PS-1 / 


equest Line (770}482-2485-Ext 60 
When You Want ا‎ Beiter Than Karaoke! 


Get Rid of 
Your Gutters! 


Rainhandler Works — No Cleaning. 
| No Ground Erosion. No Maintenance. 
No Ice Dams. 


‚а аё E 
seat 
P ccm 


Dept. PS 077 


À F RAINHANDLĖ x 


2710 North Avenue/Bridgeport, CT 06604 
1-800-942-3004 /Fax 203-382-2995 
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Tools for making Ornamental Iron. 
Call or Write for full color literature. 
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605 South Adams St., Dept. PSO 


Laramie, Wyoming 82070 


\ (307) 745-5999 • FAX (307) 742-5999 


m Hand-held ELECTRONIC INSECT CATCHER 
TW U.S. and other country patents/AS SEEN ON T.V.! 
IM. Electrify insects instantly! 
Kills mosquitoes, flies, cockroaches, ants, spiders, wasps, eic. 
CDN $69.95+99.95 S&H (batteries not included.) 3Û day money 
back guarantee, 
Send Check or M/O io: TRIWIN NOVELTIES LTD. 
Se = Dept. PS? , PO. Box 20060, 4839 Leslie St., 
North York, ON M215E4. Canada 
To order call: 1-800-391-0122 
or fax: 416-498-7604 


| WW w.tr iwin.com 
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OWN A 


MACHINE SHOP 


gives you all 3 basic | 
machine tools in one easy- 1 - 
to-use benchtop machine. s Ж 
save time, money. For ad 
home or business. 


The Smithy 3-in-1 lathe-mill-drill | e 


Te sul 


| Call for your 
FREE Info Pak. 


puer Ip 


Backed by service, training, videos, free technical hotline. 


World's best home 
weather station* 
– only $379 


others from $179 


Features superbly accurate: 
€ barometric pressure e 3-hr. pres- 
sure change ® indoor/outdoor hu- 
midity* ® dew pointy е wind 
speed/direction € indoor and out- 
door temperature € wind chill 


{1\1 temperature e rainfallt. 
ТИЗ 1-800-345-6342 | NENA t 


into Pak 


Ask for operator PS77 


4^ KI - Dept. PS77 PO Box 1517 
or wite Smithy. 22: 
LL mi y Ann Arbor, MI 48106-1517 


Cable TV 


Descramblers | 

We'll Beat Any Price! 

e 30 Day Money Back Guarantee! 
e Credit Cards/C.O.D. 


e One Year Warranty! 
C D Electronics 


1-800-684-9135 
| NO NEW JERSEY SALES! 
Anyone implying theft of service will 
| be denied assistance. 


Perfect for In-Ground Sprinkler Systems 
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Now you dont have to worry about tremendous 
water bills, droughts or water 
rationing.Since 1962, 
thousands of gardeners and 
homeowners around the 
world have discovered the 
Hydra-Drill™ secret. They 
drilled their own wells! You 
can, too. Call or write us 
today and we'll send you 
a big, free package of 
information about drilling 
your own well with the 


Hydra-Drill™. 


Ask 


about our 
“How To...” 
video! 


Call Today for FREE Water Well 


Drilling Information Package 


1-800-333-7762 


(Ask for Operator 7977) 
Ph.(334)748-3377 * Fax.(334)749-5601 


www.deeprock.com 
F пш шыш шыш шыш шш шш Шш eee ee 


Е 7977 Anderson Road 


| eepRo Opelika, AL 36802 


i LJ YES! sendthe FREE INFORMATION PACKAGE and the 


illustrated guide HOW TO DRILL YOUR OWN WATER WELL. 
3 Print Nama 
ў Address 

і City State Zip 


|. Phone (must have) 


“You Can Drill Your 
Own Water Well 


© 1997 DeapHock all 


| MCN rent values e 
|| wx з e^ today's highs 
| - | and lows ө yes- 

"T s terday's highs 

| og re and lows e 

natal size: long term highs 

| and lows e 
time/date for all highs/lows ® rain totals? for 
today, yesterday and long term € alarms, and 
much more. Over 100 values in all! 

Versatile 4 mode serial port makes it easy 
to record data automatically or monitor values 
remotely by phone, modem or radio link. 

The ULTIMETER 2000 is a great value; 
only $ 379 + shp'g. (TOptional sensors add'1.) 

'* Even WeatherWatch Magazine (May, 
‘96), known for its hard-hitting, authoritative 
reviews, concludes “the best we have seen.” 

8 0 oT S free PEET 
or 908-531-4615 FAX: 908-517-0669 

E i NY 
1308-707P Doris Ave., Ocean, NJ 07712 
Visit our Home Page at www.peetbros.com 
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Now Order , 


Toll-Free 


WHERE SCIENCE 
COMES ALIVE 


* ASTRONOMY * OPTICS * MAGNETS 

* MAGNIFIERS ‘PHYSICS * BIOLOGY 

* BINOCULARS ° ROBOTS * CHEMISTRY 
*MICROSCOPES * AAOTORS * TELESCOPES 


Our famous Astroscan* 2001 
extra-wide field telescope 
provides spectacular 

images over 

a wide field 

of view to any 
astronomy buff. 


Huge selection of 
laser pointers — ideal for 
presentations and 
lecturers. 


FREE CATALO 
200-728-6999. 


CONSUMER SCIENCE DIVISION 
Dept. A971, C911 Edscorp Bldg., Barrington, NJ 08007 
Fax: 609-547-3292 


Phone: 609-547-8880 ш 


с $ 


or E-mail: A971C911Gedsci.com. 


Visit our new web site af: www.edsci.com | 


фа» Edmund Scientific | 
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Build your own | 


Pre-cut dome home kits in a variety of floor plans up 
to 3,000 sq. ft. Complete kits start as low as $6,795. 
Attractive, easy-to-assemble, energy-efficient. $12 for 


new 100-page catalog к в (olor video S10 more. 
| VWW.domehome.com 


Web Address: 
ФА TIMBERLINE GEODESICS 
2015 Blake St., Berkeley, CA 94704 1-800-DOME-HOME | 


Celebrate July 4th & All Events 


CARBIDE CANNON 


Mammoth Cannons shoot 

with terrific BANG! Have 

а bang-up time at special & 

events, Uses powdered * 

carbide ammo. Hundreds = 

of shots for few cents. All metal construction with large, rugged cast 
iron wheels. Machined brass mechanism for easy loading and firing. 
Authentic turn-of-century design. Handsome decor when not in use. 
Made in USA to last a lifetime. Available in 3 sizes: 9" cannon, | 
$49.95 postpaid; 17" cannon, $89.95 postpaid; 25" cannon (shown 
here) with rapid firing and automatic loading, $119.95 postpaid, 
The larger the cannon the louder the bang! Carbide ammo, about 
100 shots, $6.00; 3-pack $15.00. Spark plugs, 3-pack $2.00. 
Send check, money order or call. Visa, MasterCard accepted by 
mail or phone. Give card number & expiration. Money-back guaran- 
tee. Send for FREE CATALOG! 


The Conestoga Co., Inc., Dept PS, PO Box 405, Bethlehem, PA 18016 
** Call 1-800-987-BANG жж 
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` (From anywhere іп the U.S. or Canada) 
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He's making a 
concrete flower pot... 
and so can YOU! 


Make and sell your own 
ornamental concrete items. 

Order your book about 425 
aluminum molds, prices and 
production trade secrets from the 
world's largest mold manufacturer. 


1 ^ | 
en $10 


72777229 


Buy. Direct & Save 


For years of easy 
rockin’, make 
U.S. Savings Bonds 
part of your 
retirement savings 
program. 


U.S. Savings Bonds are safe — they're 
backed by the full faith and credit of the 
United States. They're also guaranteed 
to earn interest. And they're both easy 
to buy — get them where you work or 
bank — and easy to afford. You can buy 
them for as little as $25. 


Ask your banker or your employer 
about including U.S. Savings Bonds in 
your retirement savings program. 

For a recorded message of current 

rate information, call 
1-800-4US BOND 
1-800-487-2663 


SAVINGS @& 
BONDS € 


A public service of this publication 


in America 


| 11-Riser Kit F.O.B. | - 


*Diameters 3'6" to 7'0" 


|| Broomall, PA (610) 544-7100 
Î j Ontano, CA 


Quality and Value, Since 1931. 


_ VICTORIAN _ j 
i on, | 


425 


For 35" Diameter E. | : 
E | | TI-Riser Kit F.O.B. A 
| Broomall, PA |“ 


eKits or Welded Units 


Call for тт ЕКЕЕ 32, page color —: 


1 -800-523-7427 Ext. PS77 


or visit our Web Site at http://www.theironshop.com 


Showroom/ Warehouse Locations: 


(909) 605-1000 
(941) 923-1479 


Chicago, П. 


Sarasota, FL Stamford, CT (203) 325-8466 L 


The Leading Manufacturer of 
Spiral Stair Kits™ 


The Best Value In 
Spiral Stairs 
Buy Factory Direct 


Home Delivery Coast To Coast 


Save 30% to 50% below lumber 
yard prices 


Quick Ship on Stock Stairs 


CALL NOW 
FREE BROCHURE 


800-368-8280 or 610-631-1360 
P.O. Box 183 
Eagleville, PA 19408 


Salter Industries 


*Diameters 4'0" to 6'0" 
s All Oak Construction 


Houston, TX (713) 789-0648 ! 
(847) 952-9010 | 


| *Diameters 4'0” to 6'0" | 
Ba Saving Cast Aluminum | 


| l Please send me the FREE 32 page color Sur 
Name 

і 

| Address 
I 

! City. State — Zip 

! Mail to: The Iron Shop, Dept. PS77, Box 547, 
! 400 Reed Rd., Broomall, PA 19008, 


[Revolutionary "2-in-1" 


TRIMMER/ 
МО\ХУЕН 2 


Takes the place of both your hand-held |. 
trimmer and steel-bladed mower! 
The DR" TRIMMER/MOWER™ . 
rolls light as a feather" on two LS MI: 

BIG WHEELS! TRIMS far easier, {2 — 
better, more precisely than hand- W - _ 
held trimmers. Plus MOWS | 
everything from whole lawns 
(even wet!) to tough, waist-high 
growth with ease! Rocks, roots, 
stumps, etc., do it no harm because r 
the "DR*" has no steel blade to 
bend or dull. Perfect for ALL 
mowing and trimming around 
‘smaller properties, vacation Л, 
homes, etc., or for finish-up 4/ 
mowing and 
trimming after 
riding mowers 
гоп larger par- 
cels. A delight 
for anyone 


| Please mail this coupon today for FREE DETAILS; 
! about the Revolutionary DR” TRIMMER/MOWER"! 
yincluding prices of Manual and Electric-Starting, 
! Models, “Off-Season” Savings now in effect, and 30-1 


| Day Risk-Free Trial. There is no obligation. 
| Name E 
| Address dias © 
I City State _ ZIP E 
iTo: COUNTRY HOME PRODUCTS”, Dept. 2736 ©, 
NIE sedi e 


TMOPULAR HCIENCE MIRECT 


WE CARRY ALL MAKES AND MODELS 
SCIENTIFIC ATLANTA® ®JERROLD® ®ZENITH® 
PIONEER? *STARGATE? *INTELESTAR? 
Picture Improving Energizer Cables 
Video Stabilizers e Universal Remotes 

Bullet Protectors & Immunizers 


DEALER INQUIRIES WELCOME 
FULL WARRANTY GUARANTEED!! 


E 200 599-7390 


2 Order by C.O.D., Check-Via-Phone or VISA / MC 


АЕ Please have the make and model # of the equipment used in your area. 


ARATE, PANABONG, EN TH. PICIINEEH: SCIENTIFIC: ATLANTA, ТЕМА, & PIG TRE |: A dien URE 
Wes T0 Шы AEE Ss TT ds Rer Uo CHU Candy, wire rû animo wies, iT з T 
а ке. ed 


Jg 


Get Control of Unearthly 
oo POM iiie 


LM b en 
HE NE 


ES ФЕР parte 


| dE o wisis 
DELI 


STOP 


JAMMIN’ ME ! 


Video Stabilizer 
Guaranteed to eliminate 
all copy protection 


1-800-715-6789 
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i + With ths в ісе, Rain, High Winds, Sun, Sap Oy Snow! p. 
Ensy emer & Anchoring. 


It's full of stars 


‚Оту $39 


Kit™ ы 
= ee Dea 


r Cars, Trucks, Boats, RV's, Mots. і Pools, Machinery 


reet эы Wo ебат Paintbooths, Sandblasting, a hi or Teme. 
Shelter, Gov'nt & Industrial Contracts, Greenhouses & Mo 
Сиез last to 20 years. oe 
Жы 5' to 60'w, up to 30h, LAN bp Е А s 
: Hee By y Galvanized Steel. D table Cotur B Жора Door Ё "ы 


SHIPPED TO YOUR DOOR! eee 


DEALERS WANTED! 


| ‘STEEL BUILDINGS: 


DISCOVER THE ADVANTAGES 
OF STEELMASTER'S 
MASTERCREDIT PLAN 


e Perfect Back-Yard Shop 
e 100% Open & Usable Space 
© Do-it-Yourself Construction 


Save on Select Sizes: A | 
25x36 * 30x48 * 45x82* 50x 120 * Ж 


Now it is easier йота aver to own the building of your 


dreams. Call today to discover how much you con save 
by ordering FACTORY DIRECT! 
Fou con hræ the buking you 


Call Now for FREE info mond never ok ft 


11800 888-4606 


(Alaska & Hawaii dial 1-800-527-4044) 


STzcumasTen’ 
PROUDLY MADE IN USA & CANADA 


= " dt = | а 
j = , ^ F 1 [ | an е f | 
| E BE ril i oe И Чы. | 

|! 47 E. 4". |» FW E ыў E 


ie 


ZPC 175 FREE 30 day trial 
| - iod and 1 
Converters Warranty. 
Yrs! WE STILL with volume control. . 
HAVE THE nm All Other Models 
SST Please call for pricing. Available 
ORIGINALS! 
We have the 
ТУТ - 36, TNT, Wholesale dealer BEST DEALER 
т 74 : on Бы 
pore morus ( ріс оет PRICES, 
x an ere 
receive all basic and Zenith, and Tocom. m 
premium scrambled | : : 1201 | 
Кыны кланы жик Please call for information. MasterCard • VISA 
cable company. AMX * COD 
u— MicroCom catalog today secures sta used 
ema Industries  Onn e СЕ onn» соте 
purposes only. U W ЧЫ МЛ ЪЪ لا‎ ы Act of 1996. 
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[CABLE TW DESCRAMBLERS 


ial Dealer Prices! equum our Low 

Retai Prices! *Guaranteed Prices + Warranties! | 
®Orders shipped immediately! C.O.D. 

ж WE'LL BEAT ANY PRICE ж 

Sorry no N.J. sales. Dealers Wanted. 


1-800-844-9588 


Compatible With: 
"Jerrold. Scientific Atlanta, Zenith 
Pioneer, Panasonic, and More! 
'30 Day Money Back Guarantee! 
*1 Year Warranty! 
"BEST PRICES IN TOWN 1! 
|l Major Credit Cards Accaptad' 


SKELETON KEY 
Works With Most Locks 
Amaze Your Friends 


Gel this exciting device; Send NOW Only $8.95 + $2 S&H ta; 
Sate Marketing Co., 113 M. Washington St. 
No.366R, Rockville Md 20850 


30% Electrical Bil 


for Refrigerator/Freezer, Air Conditioner, 
‘pre. Machine, Pump, etc. 


with PowerSaver 
just plug-in 


The PowerSaver is based on a microprocessor 
technology that monitors and controls the 
amount of electricity supplied to the attached 
appliance, at start-up and while running, it 
also reduces mechanical wear and vibration. 
Plus, it provides protection from damage 
caused by blackouts, brownouts, and 
surges, You'll enjoy longer appliance life. 
cut down on costly repairs and notice the 
difference on your utility bill. 


60 days money back guarantee 
S & H: $5.50 
(Cal. Res. add Tax 8.25%) 


Available for the Central Air Conditioning Unit. 
УР! 4432 Enterprise St. Suite #1, Fremont, Ca. 94538 
Toll Free: 


Tel: (510) 651-8501 Fax: (510) 651-8504 


COPY RENTAL TAPES WITH OUR 
dL. STABLES 


SAVE 5100°5 -=x 
EVEN $1000'S on premium 
CABLE TV EQUIPMENT. 


FREE Cable TV ЕШ 


T "ULP 
t 
4 
БЫ | 
FI | 


RUGGI ED-PORTABLE-AFFORDABLE 


VALUPOOLS 


TOLL FREE (888) 822. 1665 е stall оа ИВ пеї 


www. concentric.net/~valupool 
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Plans to build and use * Self propelled 
* No Machuning * Car towable i 
“Under $1,200 to build a 


*[n use over 8 years 
* Kit Available 
а 


CABLE Т.М. 
CONVERTERS & 


KA 
ELECTRONICS 


14337 [neussrial] Rd. Omaha, МЕ 62144 


13 Month Warranty. 
Friendy Service. 


DESCRAMBLERS 


Prelude 


FOR A FREE ета OR 9 LANE UR ORDER selina 


ص 


= = ل‎ SL, > س‎ 
i m F 


"Татү | Jus ar | dx 


Save money by owning 
your equipment and you 
can still receive all 
basic and premium 
scrambled channels 
through your local cable 

company. Just call and one of our 
friendly representatives will assist you in 
finding the right unit that is compatible 
with your local cable company. Prices 
range from $50 to $375. 


* All conserters and descramblers mast be used according to The Federal 
Cable Television Consumer Protectioa and Competition Act of 1596, 


m 


P TT 7 
| le = | =i = = D Е? 
Beit ч ТАТА = = " = РЕГ 


Flawless v iewing with state-of-the- art Ойу. Enhances color quality x | 
and filters out "snow" and other interference. Includes 12 volt AC power аниц, 
кеири and switchable channel 3/4 output. Only $59.99. 


* For home use only. Not made or sold for unauthorized recording of copyrighted works, | 
including without limitations, unauthorized recording from prerecorded copyrighted movies. | 


| wireless technology = optics * phone systems & accessories * VCRs • 
nightvision = 


42x60 "Value $19,075 
NOW $9750 — 

(MIRACLE ТТ" 
AVAILABLE 4. 800- 843-8275 


Build It Yourself 
Backhoe = Free... 
Brochure ie 


SIZES 


Two-Piece Combo $99 


(Minimum quantity: 10 lot) 


30-Day Free Trial * 1 Year Warranty 


MAN MANNI CLTC IN MR ج ی ا ی‎ Шы ыш 


ee "гъ ага е» ы‏ و ودل 
rte r q^ ГЕ ИЕА ги f "LT z |‏ 
a = Ж al ГЫ тшк ега "ы = =‏ 


Маде by Rocky Mountain 


12-volt 


warranty, and 1-уеаг | 
ticket rebate.’ Think 


Get a ticket, manufacturer 
pays for it! 
paj 


‘Some restrichons may apply. 


amy video — even those that are copied protected! 


ў! Til 


E Rm ЧЫР m 


L | д z s am Ё EWF | аа 
ом= лым LOUVV"2OUV-TZ | PUT 


g 
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HONEST PRICES 
NEWEST DIGITAL EQUIPMENT 


EQUIPMENT 3 


SAVE $1000'5 e 


wide queden S 
[ The Nation en 


(а able TV 
am AERE THE DEALERS A Рур, 


* Сору any rental/bought tape 
* Power Cord and RC Plugs Included = 


CALL NOW! FREE Day a 
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= 
| 
| 


Radar, this comes with | 
accessory | 


jack with plugs, wind- | 
P shield bracket, 3-year 


of how many of these | 
babies you could buy for the price of one | 
speeding ticket! Only $199,99! Also avail- | 
able are complete radar/laser detection and | 
jammers. Not available in MN, DC or ОК, 


| 


| 


| j [ | 
ү чн" rrr 
та 11 IOUS › pru uu ED. | 


3 = audio/visual furniture = ‚ габаг/!а5ег jammers | 
tools * garden & lawn products * security products • auto accessories + consumer electronics * toys | 


Hill 


[i 
AS ANY SIZE — 
STEEL * ALUMINUM = = WCHOD 
BRASS = STAINLESS 


Fine Brochures 
TOLL FREE 
(1-800-231-0793) 


ALL TERRAIN 


4 WHEEL PEDAL BIKE 


GOES ANYWHERE! 
2WD Positrac ^N 


Street Leg ` es 
Free qoM 24 hr. (615) 822. 2737 Ехі. 5792 


RHORDE/ CAR DEPT. 5792 е 125 RHOADES LN 
RHOADES CAR HEnoensonviLLe, тм 37075 


c9 Cien Stairs oe i M 


Spiral, Straight, and “=== 
curved Stairs 
ALL Sizes & Styles 
Steel, Wood, Aluminum 
Custom & Stock Kits 
Free Brochures & 


Factory Assistance Eas 
1-800-431-2155 ext. PS77 . 


http;//www.mylen.com 28 чоет 


Cable TV 
Descramblers 


30 choy Free Тї - NO RSKI 
unbectabe wholescie prices! 
Affordable extended woronty 
| veor Мото on cil products 


Cue 
dit Cards Welcome! 


1 -800-379-3976 


WEB SITE ADDRESS; HTTP: / / ORIOH-ELECTROMICS. COM 


B siti Prices starting 
ә n, 
fiachroaics 


as low as $99! 
Sports Chair and Stool 
Ideal for all outdoor activities, sporting events, 
relaxing on the beach... 


Free 
Catalog 


Modal 5-2 


512.95+ $5.95 S&H $25.95+ $6.95 S&H 
‘Available in blue, red and black 
«Constructed of heavy-duty steel and nylon 
"Opens and folds in seconds 

Send check or money order to: 

PK Enterprise, Dept. PS-5 
4227 Braddock Rd., High Point, NC 27265 
FAX: 910-886-1668 Phone: 919-886-1388 


Allow 4-6 wka for delivery 


SUMMER SPECIALS! | 


|. SIZES: 10 x 10 thru 100 x 200 


PIONEER STEEL BLDGS | 


FREE BROCHURE 
1-800-813-1358 


| N S TA N TL Y ! 
Add tens of years of AAA credit in your credit file 
“OVERNIGHT. 100% Legal 


FREE DETAILS 


Gold (PS 
FBI, DMV (DU) $92 09)... 
Files too... Beverly Hills, CA 90209 
Bankruptcy nat necessary. Computer not needed 


EASY AS 1-2-3! TONS OF EXTRAS! 
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ators! 
63334-9350. 
HTTP://WWW.ONEKW.CO.NZ/ 


for FREE information on HOMEMADE BRUS- 
HLESS GENERATORS. 


Р: vferamaance 
Adore rd Beyond 
Your Expectations 7 


firi 
` Tha World's Hottest Selling Helicopter! 
Aun Ра Ж йн: Gonia VRS Xx) PAL 45 
Wes ken ЖЫЗ haa Se Dir ۴ 
REVOLUTION Helicopter Corp. 


190, W, donee Janes Rd. PE + Excetalor Springs, MO васта 


Tel. (ЕЗ) &XT-2800 + Fan (ШЕ) 617-4796 = ater: iA ae 
chztianielicosiher cam 


/— E-Mnit: вани dines 


ANY ADVERTISED. 
OR WHOLESALE PRICE! 
SAVE $5$ - DON'T. RENF 


CALL FOR FREE CATALOG! 


Pioneer 


Jerrold Panasonic 


Oak Sigma, Scientific Atlanta 
CREDIT CARDS ACCEPTED 
call AA Electronica Today! 
800-258-9512 


http:// www. AAElectronics.com 


Zenith 


SAWMILL $3795. 


FREE INFO 
Norwood Inc. 
90 Curtright Dr 
Unit 3 
B Amherst, NY 14221 
< 1-800-661-7746 


Ext. 101 


| WIRELESS DRIVEWAY ALARM 


A bell rings in your 
house anytime some- 
one walks or drives 
into your place. 

- Free Literature - 


DAKOTA ALERT, INC. 
Box 130, ELK POINT, SD 57025 
605-356-2772 


ALTERNATE ENERGY 
SAVERS 


EVERYTHING you need for FREE ELECTRIC- 
ITY. Electrifying Solar, Box 681394PS, Houston, 
TX 77268. 


FREE ENERGY! Fuel-Less Motors and Gener- 
H&A, R2EPS Bowling Green, MO 


ALTERNATE ENERGY 


SAVERS 


NEW! BUILD AMAZING LIQUID PISTON EN- 
GINE from pipe fittings. Free information. ABCO, 
Box 306-57, Seminary, MS 39479 


New DECLASSIFIED Free Energy Generators. 
Plans. Energy Research, Box 1514, Jackson, 
CA 95642. Catalog $2. 


SAVE UP TO 80% ON HEATING BILLS WITH 
A YUKON/EAGLE MULTIFUEL FURNACE 


Wood/oil, wood/gas, 
wood/electric 
whole house 

indoor warm air furnace. 


Eagle Furnace 
1000 Ag Science Drive 
Palisade, MN 56469 
or 1-800-358-0060 


NEW FREE ENERGY! Fuel-Less 350hp En- 
gines. Creative Sciences Box 8001 New Albany 
IN 47150 


SOLAR, GREENHOUSE, AQUACULTURE 
AND ENERGY SAVINGS CATALOG! 75 
pages. Featuring Sun-Lite for do -it -yourselfers, 
builders, designers. America's largest energy 
saving source! $5.00 postpaid. Solar Compo- 
nents Corporation. Dept. PS, 121 Valley St, 
Manchester, NH 03103. 603-668-8186, http:// 
solar-components.com 


| APPAREL | 


SUSPENDER WEARERS! FRUSTRATED 
WITH CLIPS THAT CONSTANTLY SLIP OFF 
YOUR PANTS? Our suspenders feature pat- 
ented “no-slip clip." Brochure/ Order (800) 
700-4515. 


| AUDIO/VIDEO EQUIPMENT 


REPAIR FOAM ROT _ 
YOURSELF! |; 


* Save $$$ wionginal kit! 

* Kits to fit any speaker—Advent, AR, 
JBL, Bose, Infin., EV, etc. 

* Surrounds, adhesive & instr. 

a MCI VISA/Discover—no CODs ^ 

* Call w/make & model for best price = 

* Phone 24 hrs. 704-697-9001 


or ne 800-747-3692 4 


AUDIO TECHNOLOGIES 


AUTOMOBILES 


CARS FOR $100! Trucks, boats, 4-wheelers, 
motorhomes, furniture, electronics, computers, 
etc by FBI, IRS, DEA. Available your area now. 
Call 1-800-513-4343 Ext. 5-20025. 


VAPOR CARBURETOR TRIPLES MPG. Free 
information. H&A, R2PS Bowling Green, MO 
63334-9350. 


AVIATION 


Airboats. Hovercraft Plans. Propellers, Airdrives, 
Engines. Catalog $5.00. Arrowprop, 610P, 
Meeker, OK 74855 


Ж = 7 8 : = —— 
| | , [iud ELI AUTERA we ly | 
Ки МАЛАНЫ them 


її F ; " 4 
P Һ taf J hn ] f L 1 М ‚Ё 4 if! F 
Join the Popular Rotorcraft association 


‚ Get a full year 
of Rotorcraft рге, 


$30/year in USA 
£36 in Canada 
$44 Elsewhere 


і Mail, phone or tax to: 
| PRA, Р.О. Box БВА, Mentone, IN 46535 


Р чылт (219) 353- ET 


nma 


fip www. nra org 


BACKPACK POWERED PARACHUTES from 
$4995. Paraborne flight training services, too. 
www.paraborne.com 1-407-657-4340 


| Helicopter <i 


Super-Low-Cost, 
simple Construction inio. pack $5 
Compact, Light-weight and Rugged 
® Take off, land everywhere 
e No license needed 
ip Powered by motorcycle X 2 
Dr Rolex engine 5 
Tel: 407-839-3202 
Complete Construction Plans Fer ы», en 
Only $ 16.95 +5 3 post 3208-C E. Colonial Dr. #292 


inciudes a home-built helicopter Orlando, FL 32803 
hand book and catalóg www, popularlink.com 


AVIATION 


BOOMERANGS! HI -TECH DESIGNS. Amaz- 
ing Science Project Fun...Returns! FREE Cata- 
log. BoomerangMan, 1806-2 N. 3rd, Monroe, LA 
71201-4222. 


Corres one person 
Ho Bcense neecdad 
Powered Бу 


gu s E ای‎ 


Go-kart ange pb 


St Coy $2475 | VORTECH, ine. 
PO Box 511-A 


faa $3 post, Foreign add 36) 
Fallston, MD 21047 
EC 24-hr Orderline: W) 


TALOG ony: $10 


' | BUILD/ FLY Your own BACKPACK POWERED, 


PARACHUTE for fun/ profit. Takes off from level 
ground unassisted. Safe, Simple, Inexpensive. 
detailed book with sources. Now only $19.95. 
EASYUP 1089 Medford Center 4244s, Medford, 
OR 97504 4 
http://www.wave.net/easyup/ 


POWERED PARACHUTE NEWSLETTER. 
Large classified section. $20.00 annual sub-| 
scription 4 Issues. Portland Powerchutes Inc | 
28621 SE Woods Ad. Eagle Creek, Oregon 
97022 1-800-457-4310 


(AMAZING JET ENGINE IM B 
‘YOUR OWN HOME SHOPI Б 
Jet power for = 1-PeRSON HEL 

COW'TERB ^ AIRPLANES * JET PACKS = = т=ш= = = = == - 
" (SD HART * BIKES * FPOCKETRY ы How ho Huila a 


Complete Pulsejet Plans Jet H elicopter! i i 
ONLY $22.95 ШЕТ 
plus $3 pih — $6 foreign ' "a a 
Order from: Windspire „ORDER Li Жучу mmm mm 
PO Box 145 ° 
Long Green, MD 21092 


% 
Ё 


Se (410)836-6824 == 


BARGINS & WHOLESALE 


FLAGS, 3'X5', $13.95, COUNTRIES, CONFED 
ERATE, OTHERS, FREE CATALOG 
TRADEWIND PO BOX 1414 LOMBARD, | 
60148 


BEER /WINEMAKING 


FREE CATALOG. Brew Quality Beer irê 
Easily. Call WindRiver Brewing: 1-800-266-4567 
Anytime. 


Homebrewers, FREE CATALOG. Great Begin 
ner kits. Brewery, Box 14712PS, Minneapolis 
MN 55413. 800-234-0685. 


http://www.brewguys.com Homebrewing Sup 
pliers: On-line. Recipes, New Products, Bre 
Help Live - Thursdays, 1-888-BREW-GUYS. 
FREE CATALOG. 


WINEMAKERS - BEERMAKERS. Free Illus 
trated Catalog. Since 1967. 1-800-841-7404 
KRAUS, Box 7850-N, Independence, M 
64054. 


BETTER HEALTH 


LOSE WEIGHT FAST! Money back quarantee 
Patented starch blocker. Free informatio 
1-888-21 3-8288 = 


MOLD ALLERGIES in HOME! OFFICE. Specia 
ized CLIA Licensed Reference Lab provide 
collection kit and postpaid return. INFORMA 
TION 1-800-633-2969 


Waterwise Purifiers... homemade distilled 
(800) 874-9028. Box 45981, Center Hill, F 
33514-0459 


BOATS & EQUIPMENT 


BOAT PLANS- PATTERNS- KITS- 176 pac 
CATALOG- $5.00. GLEN-L, Box 1804/PS 
9152 Rosecrans, Bellflower, CA 90707-1808 
562-630-6258. 
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| BOATS & EQUIPMENT 


BOAT KITS -- PLANS -- PATTERNS -- EPOXY 
-- FIBERGLASS -- SUPPLIES -- All Types, All 
Sizes. HUGE CATALOG -- $3.00. ($5.00 Prior- 
ity) -- BOOK “Boatbuilding” -- $6.00. CLARK- 
CRAFT, 16-7 Aqualane, Tonawanda, NY 
14150. (716)873-2640, 


BOOKS/PUBLICATIONS 


Probably, the most important information you 
need to know. Send $7 to receive the;'Pen- 
tagon Papers IV’. P.O. Box 151722 Austin, TX 
78715-1722. 


AUTHORS WANTED 


$ Leading subsidy book publisher seeks 
manuscripts of all types: fiction, non-fiction, 
poetry, scholarly and religious works, etc. 
Send for booklet P-40. New authors 
welcomed. 


Vantage Press 
516 W 34 St., New York, NY 10001 


BUSINESS OPPORTUNITIES 


*51,000,000's POSSIBLE.) EASY HOME BUSI- 
NESS. INTRODUCTION AND STARTUP INFO. 
S. A.S.E. V.A.N. 615 CLARA #9, ST. LOUIS, MO 
53112 


10,000 monthly! Perfect Home Business! 
300£'s do your work! (800)456-3709 investment 
$100-$400.. 


51,000 weekly stuffing envelopes. Receive 
52.00 each. Rush stamped addressed enve- 
ope. Colossal Box 040215-PS, Brooklyn, NY 
|1204. 


E 8 € ——— ڪڪ سڪ ڪڪ‎ Se чыч т ee eee шш: шы шы зыл UR 


| Repairing (not exer stone dam- 
| aged windshields and plate glass. 
Learn how a 3 minute repair can earn | 
you $1200/week! 


| саш. мом! 1-800-695-6224) 
FREE REPORT! 
NVS/OPTIKLEER, LYNN, MASS. 01904 | 


eri оттто ey Se GM Ge PO m EX PT DT ee Ne "n ee el Cum Eu ctu а ра m m CM E GR 


51,500/ THOUSAND Immediately. Stuffing En- 
elopes. Free Supplies. Send S.A.S.E.: J.H. 
nterprises, Dept. PS7, 114-1027 Davie Street, 
ancouver, B.C. V6E 4L2. 


1800 WEEKLY RECORDING VIDEOTAPES 
t Home. No Copyright Violation. Free Startup 
formation. CMS Video, 210 Loma Square, 
163BSF, Birmingham, AL 35216 


1 MONEY MAKER Spare Time! No selling! No 
ventory! Publicly documented seven week 
19,919 income! Free audio cassette and He- 
ort reveal everything. Real Money, 333-PS77, 
W 5th Street, Grants Pass, OR 97526. 


2,000 DAILY From your Telephone Answering 
achine! I've made over $1,000,000 using mine! 
303) 637-1492. Recorded Details. 


2000 weeklyl... Assemble products at home. 
ree infopak!... Universal-PS, 1454 Rockaway 
arkway, #249, Brooklyn, NY 11236 


2,136,000 IN 6 MONTHS working only 20 
inutes daily! Toll-Free recorded details: 
800-657-3378 or (303)654-7115. 


3,000,000 In 2 Months Using All Free ads. 
ecorded Details: 1-(416)255-5058 BT. 


40,000 ON 1/3 ACRE! New hydroponics - 
expensive, practical! Planters, Box 681804, 
anklin, TN 37068-1804. http:// 
ww.mayhillpress.com 


APITALIZE ON CRIME! America's hottest 
elling crime prevention product. Free wholesale 
atalog 1-800-653-3012 


AREER BURNOUT? HOME ! HEALTH BUSI- 


ESS, SERIOUS INCOME, NO REJECTION, | 


EE IN FORMATION 1 -B00-353-3312. 


HEE! 1001 Fast, Easy ways to make money. 
end name/ address. Money Making, Dept. PS, 
bx Z, Studio City, CA 9161 4. 
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BUSINESS OPPORTUNITIES 


FAMOUS MAILORDER MILLIONAIRE reveals 
money-making secrets! Free exciting cassette. 
Melvyn Powers, 12015 Sherman Rd., North 
Hollywood, CA 91605. 


http://www.mpowers.com 

FREE! Turn any Computer into a Money Ma- 
chine. Free Report: 1-800-221-3813 
OperPS101 


GET PAID $268.20/ Roll Taking Easy Shab: 
shots! Film Supplied. Phototek, Box 3706-Р5, 
Idyllwild, CA 92549. 909-659-9757 

Giant Distributor Catalogs And a 4 Volume 
Business Plan. Send $25.00 to Sea West 
Wholesaler, 138 Lakewood Point, Bossier City, 
LA 71111 


HIGH- TECH ENGRAVING Can Make You Up 
To $30 to $95 an hour! 24 hr. message, call 
1-800-322-6169, Ext# 2708 


MAKE HUGE PROFITS raising G Giant California Sarasa м 
Australian Lobsters for worlds largest earthworm distribatar for over 
| & wears. Superworms convert garbage into rich organic fertiliner. Easy 
to raise and fast multipliers. Grow them in your own backyard. garage, 


| or Farm. Distributorships and Joint Venture Partnerships available. Call 
| now for more exciting information on this unbelievable money 


making (opportunity, Е 
SUPERWORM 


Prone (818) 363-0202 Fax (818) 360-8562 
Web Site: http:/www.superworm.com 


HYDRAULIC JACK REPAIR MANUAL AND 
CATALOG $10.00. HYDRAULIC PARTS SUP- 
PLY, BOX 4157, BROWNSVILLE, TX 
78523-4157. 


LEARN TO SCULPT. SECRETS FROM MAS- 
TER SCULPTOR REVEALED ON VIDEO. 


SEND $25. ROBERT STEFFES, 3604 YOR- | 
BALINDA, ROYAL OAK, MI 48073. 
(810)549-2567. 


МАКЕ 51000+ PER MONTH NOW! FOR 
FREE INFO. RUSH $2.00 S&H TO P.O. BOX 
142384, GAINSVILLE FL 32614 


MAKE $15,000 monthly! The Perfect Business. 
No investment. Easy. Free Report. MPC, Box 
57, Lenore, ID 83541. 


MAKE A FORTUNE IN MLM Free Report shows 
you how. Call now! 1-800-656-6397 ext.363. 
www.prostepinc.com 


REPAIR CRACKED WINDSHIELDS 


Earn $90,000 Yearly Repairing 
-not replacing- 
Large Cracks in Windshields 
CALL 1-800-826-8523 


or write The Glass Mechanix Inc. 
http://www.the-glass-mechanix.com 
|4555 NW 103га Ave. * Ft. Lauderdale, FL 33351 | 


MILLION DOLLAR HOME BUSINESS! IDEAL 


FOR MAIL ORDER. WE SUPPLY 
EVERYTHING. WE DROP-SHIP 3,500 BEST 
SELLING PRODUCTS, PRICED FAR BELOW 
WHOLESALE. IMMEDIATE DELIVERY. FREE 
BOOK, TAPE. SMC, 9401 DeSOTO AVENUE, 
DEPT. 28-103, CHATSWORTH, CA 91311 


MONEY MAKING MACHINE. Curbmate ma- 
chine installs beautiful concrete lawn edging. 
Amazing profits. 801-262-7509. 


NEW! GROW EXPENSIVE PLANTS, 2000% 
PROFIT. Free information. GROWBIZ, Box 
306-57. Seminary, М5 39479. _ 


NEW "REAL HOME INCOME" EARN SE- 
RIOUS MONEY. FREE INFORMATION: IN- 
COME P.O. BOX 309-C STATE PARK, SC 
29147 


PIANO TUNING PAYS: Learn with approved 
home study course, Diploma granted. American 
Tuning School, 17050 Telfer Dr., Morgan Hill, 
CA 95037. 


Reclaim "Scrap Gold" From Old Computers/ 
Jewelry. Free Information. 24 Hours: 


| (603)645-4776. 


BUSINESS OPPORTUNITIES 


SELL MONEY and make a fortune. | grossed $3 
million last year! Free Details and Proof: 
(801)344-0596 Extention 14A 


START A PROFITABLE BUSINESS AT 
HOME. FREE INFORMATION: DOUGLAS EN- 


TERPRISES, BOX 785, SUMAS, WA 98295 | 


STAY HOME! PROCESS MAIL! PAY 
WEEKLY! GUARANTEED! DETAILS: RUSH 
LONG S.A.S.E: M & M ADVERTISING/PS, 
1007 FEDERAL, FT. LAUDERDALE, FL 
33304-1422. 


YOU STRUCK A GOLD MINE. Earn $60,000 a | 


year Gold/Chrome Plating Emblems Or Auto- 
mobiles. Free Information, Call US/Canada: 
1-800-877-0066. Write: The Gold Mine, 5405 
N.W. 102nd Avenue, Suite 221, Ft. Lauder- 
dale, FL 33351 


BUY IT WHOLESALE 


39,457 Products, Factory Direct... TAIWAN, 
HKONG, MEXICO!! Save 500-900%... Echo, 
Box 739-C77, Shalimar, FL 32579-0739. 


FAMOUS NAME REPLICA WATCHES. Amaz- 
ing HRe-creations. Excellent Quality. Free 
Wholesale Brochure. 1-800-553-4334. 


FREE 600,000 ITEMS, Wholesale Directory 
(LSASE) TNT, Box 2614P, Big River, CA 92242 


CABLE EQUIPMENT | 


А1 CABLE BOXES, RFT, TESTERS, DES- 
CRAMBLERS IF WE DON'T HAVE IT, YOU 
DON'T NEED IT. DEALERS WANTED, 1 YEAR 
WARRANTY, CATALOG FBN ELECTRONICS 
ТАМ TO 10PM, 7 DAYS. 1-800-225-9756 


ALL CHIPS $9.00 -$18.00 & CONVERTERS. 
QUANTITY DISCOUNTS. NO MINIUM. ANY- 
TIME. 1-880-760-0555. 


ATTENTION DEALERS! SPECIAL INTRO- 
DUCTORY OFFER on all cable TV equipment! 
Buy WHOLESALE and SAVE 1005. 
1-800-884-3473. 


Best Pricing on 18° satellite TV systems for 
home and RV, DSS, DISH Network program- 
ming, multi-room viewing options, accessories. 
Call Skyvision 800-500-9264. 
www.skyvision.com 


BIG SALE!! Notch Filters $18.00. E-Z install 
test activation chips/ boards from $5.00. 
Bullet/ ID Stoppers $9.95. Name brand des- 
cramblers from $139. External activators from 
$65. DEALERS WELCOME. LET US BEAT 


YOUR BEST PRICE. 1-800-449-9189 ANY- | 


TIME. 


| Build your own cable tester. Comes in kit 


torm.Works with J- systems. AS LOW AS $49.95 
800-401-8641 E-mail: (xlent& hi.net) 


CABLE BULLET “TERMINATOR 1.0. 
BUSTER." Electronically shields yourself and 
your box. LIFETIME GUARANTEE. Wholesale 
prices. 1-800-820-9024. 


TURN ON CHIPS 


LOWEST PRICES 
1-800-639-5542 
NO FL. SALES 


CABLE CONVERTERS, TEST MODULES. 
Money-Back Guarantee. EXTREMELY COM- 
PETITIVE. New Custom 2200 Modules. Cata- 
log, Credit Cards. 888-443-9185 


CABLE CONVERTERS, Test Chips. Money- 
Back Guarantee. 1 Year Warranty. 
JCB ELECTRONICS, 1-800-579-3285. 


CABLE/ SATELLITE DESCRAMBLING. New 
digital satellite fix. Voice/ FAX 716-283-6910. 
http://www.scramblingnews.com 


Inc. 


DESCRAMBLER KIT 


CABLE EQUIPMENT 


CABLE DESCRAMBLERS. The Best Іп Con- 
verters and Descramblers. Prompt Delivery, 
Best Prices Anywhere In The USA. 
(702)895-9120 


CABLE TV 
DESCRAMBLERS 


Absolutely the Lowest Prices! All 
Brands! Money Back Guarantee! 


The Cable Store 
1-800-390-1899 
10am-8pm EST 


TWO-PIECE COMBO $99 
(Minimum Quantity: 10 100) 


Сору Rental Tapes with 
Our Video Stabilizers 
Quality Equipment * FREE 30 Day 

Trial Period * Never Rent Again + 
save 5100s + Equipment Set | p 
Tech Line * All Major Brands 
Quantity Discounts 


UPS * Fed €x * COD 
All Major Credit Cards 


CABLE DESCRAMBLERS. ALL MAKES. 


LOWEST PRICES AROUND! PRECISION 
| ELECTRONICS, HOUSTON TX. 


1-888-691-4610 


CABLE DESCRAMBLERS/ CONVERTERS. 
REPLACEMENTS FOR ALL MAJOR BRANDS. 
BEST PRICES! MONEYBACK GUARANTEE! 


FREE CATALOG! ALLSTAR 1-800-782-7214 


CABLE T.V. CONVERTERS AND DESCRAM- 
BLERS. WHY RENT? CALL BASIC ELECTRI- 
CAL SUPPLY. 1-800-577-8775 


CABLE DESCRAMBLER! ANYONE CAN 
BUILD in SEVEN STEPS with RADIO SHACK 
PARTS. PLANS/KIT from $5.00 plus FREE 
BONUS!! 1-800-818-9103. 


Cable T.V. Converter Accessories. Quality 
Prices. Satisfaction Guaranteed. COD/ Visa/ 
MC/ Amex. 1-800-259-1187. Eagle Electronics 


$14.95 


WHY PAY HUNDREDS MORE? 
1-800-752-1389 
(24 HOURS) 
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WE STOCK A COMPLETE LINE OF CHIPS,TOOLS, WIRELESS QUICK INSTALL TEST 
BOARDS AND DIAGNOSTIC CUBES. WHOLESALE PRICING-DEALERS WANTED. 
*** ANYONE IMPLYING ILLEGAL USE WILL BE DENIED SALE. WE SELL PRODUCT *** 
ONLY!!! TO QUALIFIED BENCH TECHNICIANS OR CABLE REPAIR FACILITIES!!! 
"LOWEST PRICE & SUPERIOR PRODUCT GUAR, BUY 5 TEST BOARDS & GET 1 FREE 


MON -FRI- 8AM-7PM - SAT 10M-2PM-EST. 


CABLE-TEST CHIPS As low as $9.95 For 
Testing Cable Boxes in Full Service Mode. 
F.T.G.'S; CUBES; JERROLD; PIONEER; 
TOCOM; SCIENTIFIC ATLANTA; ZENITH; 
REMOTES $10; Lifetime Warranty. Full Tech- 
nical Support. MC/VISA/COD. NORTH TECH 
INCORPORATED. 800-926-4030 


CABLE TV DESCRAMBLERS. ALL MAKES. 
IMMEDIATE SHIPPING. VISA/ MC/ COD. 
WING WHOLESALE 800-304-4408. 


BILL NOW! 


[ CHANNEL L SURFERS at». 


CABLE TV, DESCRAMBLERS, CONVERT- 


ERS, QUANTITY DISCOUNTS, 30 DAY 


MONEY BACK GUARANTEE. NO CATA- 
LOGS. COMPETITIVE PRICES. CALL NOW: 
1-800-322-0921. REGAL SALES INC. 


CABLE TV DESCRAMBLERS/ CONVERT- 
ERS. BARGAIN HEADQUARTEHS. MAKE 
YOUR BEST DEAL WITH US. GATEWAY 
ELECTRONIXS, 1-888-422-2533. 


$100.00/4.,, NEW 


* 30 Day Trial * 1 Year Warranty * 


(314) 569-4027 


E-Mail: cbi5694027G aol.com 


CABLE TV EQUIPMENT & ACCESSORIES 
Wholesalers Welcome! 30 Day Moneyback 
Guarantee! Free Catalog! PROFORMANCE 
ELECTRONICS, INC. 1-800-815-1512. 


CLEAR IMAGE  HIGH- TECH VIDEO 
CLARIFIER. Removes all Video Copy Protec- 
tion. 1-800-495-6888. 


SPECIRL OFFER 
PRNRSONIC 
CONVERTER 

and 
SEEMORE 
DESCRAMBLER 


$99.00 
(min. order 10pc) 


800-839-8491 


NO FL. SALES 


SOUTHERN ELECTRONICS | 
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| CABLE T.V. TEST CHIPS, 


| VICE, 
| 1-800-854-1674. 


HTTP://WWW.800-GOCABLE.COM 


SORRY NO PA SALES 


Pioneer, Jerrold, 
Scientific Atlanta, Zenith, Tocom, Pio Q.Cube, 
FTG's, RFT's, Hudson Tech Inc. 
1-800-577-5617 


CABLE DESCRAMBLERS & TEST CHIPS. All 
models... lowest prices. Available overnight. 
Chipsmart, 1-800-208-2638/ TECH. 
954-792-7012 


CD ELECTRONICS IS NOW SELLING 
CONVERTERS/ DESCRAMBLERS DIRECT 
AT WHOLESALE PRICES. 30 DAY TRIAL. 
QUANTITY DISCOUNTS. 1-800-842-9670. 


DESCRAMBLERS, CONVERTERS. ALL OP- 
TIONS EXPLAINED. BEST PRICES, SER- 
WARRANTY, FREE CATALOG. 


« Your Descrambler Connection * 
Free | Year Warranty e Free 30 Day Trial 


Equipment Set Up Tech Line 


DESCRAMBLERS... CONFUSED? We'll Ex- 
plain All Your Options. All Models Available. 
Quality Service. Open 6 days, Mon-Sat 
9:00a.m.-8:00p.m. SUNSTATE ENGINEERING 
1-800-717-1575 


FREE CATALOG- NEW TECHNOLOGY 
BREAKTHROUGH- T.V. CONVERTERS 
DESCRAMBLERS SAVE $1000's. 
CALL NOW. MEGA 1-800-676-6342 


JERROLD Гес] HAMLINE Lis 

ZENITH || Clear || PIONEER È 
JJ ТОСОМ | (Picture /| SCIENTIFIC bs 
СД OAK SIGMAL* d ATLANTA Ш 
M астен 


FREE 0 PRIN 
DIREO рат TRIAL See wero fF’) 


VIGA = мс - е 


mr Ex | 


LINK YOURSELF WITH OUR EXPERIENCE! 
CABLE TV DESCRAMBLERS. 30 DAY MONEY 
BACK GUARANTEE! ALL CREDIT CARDS 
COD. CABLE LINX, INC. MPLS, MN 
1-800-501-0095 


PUZZLED ABOUT DESCRAMBLERS? WE'LL 
EXPLAIN ALL YOUR OPTIONS. WHOLESALE/ 
RETAIL. OPEN 6DAYS. BEST TECH SUP- 
PORT &FRIENDLY SERVICE. TOLL FREE 
1-888-238-0967. ROYAL ENGINEERING INC. 


RSP AND ASSOC. SUPER BLOWOUT CHIPS 
SALE!! ALL CHIPS $11.00- $18.00. NO MIN. 
NO CA. 1-510-278-3615. 


"SHH... BEST KEPT SECRET- INCREDIBLE 
Wholesale Prices on Descramblers. BUYER'S 
ASSOCIATES, 1-800-889-5139. 


SECRET CABLE DESCRAMBLERS! Build 
your own Descrambler tor LESS than $12.00 
in SEVEN EASY STEPS! RADIO SHACK 
Parts List and FREE Descrambling Methods 
that COST NOTHING To Try, Included. BO- 
NUS! Outrageous Report showing how people 
steal electricity without getting caught. Send 
$10.00 to: INFORMATION FACTORY, P.O. 
Box 669, Seabrook, Texas 77586. For VISA/ 
MC, C.O.D's, 1-281-922-3512 Any Time! 


CABLE TV EQUIPMENT 
CONVERTERS/DESCRAMBLERS 
FILTERS-BULLET PROTECTORS 
SAVE 1000'S - 30 DAY FREE TRIAL 


CUT THE HIGH COST OF CABLE TO FRIENDS, 
RELATIVES AND NEIGHBORS. MAKE $553 


CALL QUALITY TIME 
1-800-205-5165 


TECH SUPPORT 
personal security equipment. Money- back guar. 
Free catalog. 


TEST CHIPS, GUARANTEED QUALITY. 530- 
$40. TECHNICAL SUPPORT, QUANTITY DIS- 
COUNTS. TELECHIP, 1-800-793-7567. 


New Products 
| works on all systems 


Wholesale pricing — Dealers wanted 
800-763-7277 


"The Ultimate Cube!" External Test Activa- 
tors, for all brands, works everywhere. 
(718)768-4963. 


CATALOGS 


GEO. 
ADVANCED JCIENCEJ ` 
“25th Century Technology Today" ; 


Time Travel - Invisibility - 

dionics - Mind Power Devices - Hidden | 
Technology - Courses - Hundreds of Prod- 
ucts!!! Catalogue $4.00 


P.O. Box 2917-P, Palm Springs, CA 92263 
Phone (818) 327-7355, Vs, Mc, Amex 


COMPUTERS/SOFTWARE 


| LAPTOP COMPUTERS $20- Government Liq- 


uidation Sale. Limited Supplies! Call Now! 
1-800-915-SAFE, ext398 


CONTACT LENSES. Арай lowest prices on 
your contact lenses. Guaranteed. Call 1-800- 
CONTACTS. 


DO-IT-YOURSELF 


All WAGNER Painting Products. Discount Pric- 
ing. 929T Power Roller, $39.95. 305T Produty 
Airless, $59.95. (888)288-6761. 


BUGGED? PHONE TAPPED? FREE Catalog 
of Counter-Surveillance Equipment tells you 
Fast! (800) 732-5000 


FREE TRAINING ON AUTO A/C REPAIR ON 
THE INTERNET AT http://www.epatest.com 
GET EPA CERTIFIED ON-LINE FOR 58. 95 


—LASERS 
FROM $10.00 
(602) 934-9387 
http-/^vererw. mi-Irsers.com 
FREE CATALOG 


MERENI cH—* Р. О. Box 1724 
| INS TRUMENT сэ Glendale, AZ 85301 | 


ELECTRONICS 
1-888-273-1349. Basic cable TV converters, | 


DO-IT-YOURSELF 


The Most Extraordinary Spy Catalog in the 
World! On the internet 
http://www.spectre-press.com 


DON'T THROW AWAY THAT USED 
COPIER OR PRINTER CARTRIDGE! 


REFILL IT 
SAVE OVER 75% 


| TASER PRINTERS 


| Do it yourself 
it's easy 
Селин kit асида 


INCORPORATED Order or information| SHARE „СЕ! 
8132 Windsor Ür Е 7 708) 598-0580 XEROX: ‘S008 
Palos Hils, IL 60465 ТЕР FAX (708) 598-9203 | $29.95 


We sell | for experiments, light-shows, 
& Industrial applications. Learn about. 
with our plans, books and kits. 


HTIP//WWW.PWEB.COM/MWK/MAIN.HTM 
АЛС INDUS ч CALL FOR YOUR FREE 
bie RN DUSTRIES LASER CATALOG TODAY! 

1269 W. POMONA (909) 278-0553 
CORONA, CA91720 FAX: (909) 278-4887 


ELECTRICAL -EASY FOLLOWING DIA- 
GRAMS FOR HOUSEHOLD PROJECTS. ALL 
YOU NEED TO KNOW, $17.00. J&J INSTRUC 
TIONALS, BOX 140434, HOWARD BEACH. NY 
11414-0434 | 


LISTEN TO CORDLESS PHONES, CELLU- 
LAR & more. Modified handheld scanner re- 
ceives all! $199 + S/H. 6 Month Warranty. MOI 
VISA/ COD. (314)569-4027. 


UNUSUAL PUBLICATIONS! Strange stuff] 
Weird plans! FREE catalog 165+ amazing pub- 
lications! Electromart, Box 4-P, Carthage, TX 
75633-0004. 


SUH VEILLANCE- 


Ultra-Miniature Pinhole Camera 
w/audio $159.00 * Hidden Video 
* Wireless Video * Electronic Kits 
• Shotgun Mics * Vehicle Tracking 
* Voice Changers * Bug / Phone Tap 
Detectors * 7 & 16 Hour Telephone 
Recording Systems 
* Locksmithing * And Much More!!! 


Wholesale / Retail 
FOR CATALOG SEND 5 5.00 TO: 


SPY OUTLET 


POBox 337, Buffalo NY 14226 (716) 691-3476 


| 


| ETT Devices ! 


12 Hour Telephone Recorder 

z High quality, long - play, 
74 Cassette deck plugs directh 
— into telephone jack! Records 


a 1 single cassette. Recording starts a 
stops automatically when phone is used| 


Tiny & Powerful Room Transmitter Ki 
.H е size or a dime! Professional quali 


up to 1 id mile. " Snapkit technolog 
-—" for easy assembly.Highest power é 
most sensitive transmitter offered! 


Telephone Transmitter Kit 
hidden in a dual modular adaptor 


ransmrimis both sides of conversation to 
any FM radio up to 1/4 mile. "5napKit" 
Uses phone line for power & antenna! 
Goes completely 


VIEN Ultra miniature vide 
Tc-7o , Cameras hidden in smoke 
SC-500 alan or alarm clock your cha 


$ | 80. 95 High quality B/W with 420 lines. Dir 
Jea, RCA jack output of audio and vid 


eom some 1 800 594 1047 


(972) 255.7490 Internet - http, ^www.why.net honie, sr, 


Seymor-Radix Inc. Box 166055-P Irvina. TX 7501: 


| 
là! 
JULY 1997 РПС 


F LASER 
BPOINTERS 


Т YEAR WARRANTY 
ó HRS 2 AAA BATTERIES 
ALL METAL CONSTRUCTION ES n 

PUSH BUITON POWER CONTROL | Sens 


LAPN65 Most Versatile...15mw equiv 2000 ft....$29. 95 
LAPN63 Our Finest......... 30mw equiv 3000 ft....$79.95 
LAPN6S5D Elegant With Built in Writing Pen.............. POR | 
LAPNÓSS Lowest Cost (plastic) 15mw equiv ж $24.95 
LAPN65M Smallest 15mw equiv... ! D 


Free Catalog of Many More Products 


INFORMATION UN 


UNLIMITED ғо вох 716 AMHERST | 
| ORDERS ONLY.. 800 221 1705 


NH USA 03031 
TECH INFO.. 603 673 4730 
FAX IT..603 672 5406 Wi 
We Accept Cash, MO, Check , MC, VISA. Please Add $5.00 Shipping & 
Handling and Additional $5.00 If Your Order is COD. 
Foreign Customers Please Add 20% of Order Total. 


TELEPHONE 


SURVEILLANCE DEVICE 
И . W/12 HR. RECORDER 
Р es Automatically record all incomeng and outgoing 
S calls $99. qs. 500 sm Telephone survediance 


пої nc! 1519.95 + £2 sn 
For кри 50 page calaiog of Micra vided 
WHE Transmitters Suryesilanze & ( „Ош. 
Surve lance ало mui cnm send £30 
Call 407 725-10 


USI CORP 


Melbourne FL 3290 


assemble ii Lio io Gy 


Cerrito, CA 94530. 800-835-8535. 
http://www.degree.net 


1x1X" 


PO Box PS2052 
COD'S OK 


ELECTRONIC SUPPLIES 


& EQUIPMENT 


SURVEILLANCE HIDDEN CAMERAS 
DIRECT FROM М MANUFACTURER-BEST PRICE IN THE MARKET 
5 Ultra miniature hidden camera, in dome, smoke oF 
2e motion detector wi mic. BAW or Color. Wide view angie. 
MEE: © Low light sensitivity + super sharp images, plus video 
acu үл Ond oudio output. From 5159.00. Also 1/3" BAW board 
: з Cames w/mic, only $39.00 USD. Plus $5.95 for S/H. 
M learning Welcome. COD, Check, Money Order or 


BOLIDE INTERNATIONAL CORPORATION - 
PH: (800) 355-0895 or (818) 575-8178 
9660 Flair Drive #318, El Monte, CA 91731 
hifp:/www. bolideamazingpraduets. соту 


:DUCATION & INSTRUCTION 


FREE VIDEO External BA/BS, MS/MBA, 
IHD/LAW, Financial aid, (800)471-3776, 
ASALLE UNIVERSITY, Dept. #776, 

andeville, LA 70470-4000. 


E A DETECTIVE. 


More info http.//www.cpeq.com/zxmit.html. 
| 800 997 3740 


ELECTRONIC Project Kits. 1-888-GO-4-KITS. 
www.qkits.com 


tario КТК 1B8. 


EMBLEMS/ 


PATCHES/DECALS 


Complete Home Study FREE CATALOG, STADRI, 


: ' 4 | STREET WOODSTOCK NY 12498 
raining. Free Detective Career Kit. Е 1 
00)742-9007-"H." (914)679-6600. 
BEST QUALITY EMPLOYMENT 


NIVERSITY DIPLOMAS, CERTIFICATES OF 
RADE SCHOOL, MILITARY, LAW. FREE 
ATALOG. PO BOX 6188, HUNTINGTON 
ACH, CA 92646. 


ASINO RESEARCH TEAM discovers abso- | 
ely proven system. Verifiable $600» daily. 
erature: 1-800-341-5446. 


OLUMBIA SOUTHERN UNIVERSITY. Ac- 
edited External BS/MS/PhD. Programs, Credit 
fe Experience. Free Catalog 1-800-977-8449, 
x.361 


ARN PC REPAIR- TROUBLESHOOTING, 
RVICING. HOME STUDY. FREE LITERA- 
RE. Р.С.01., ATLANTA, GEORGIA. 
)0-362-7070 DEPT. JJH108. 


INFORMATION 


Home. Toll Free 1-800-460-WABC, 
(Message). 


PRODUCTS AT HOME. 
1-800-467-5566, EXT. 8068. 


CRAFT PRODUCTS FROM 


1-800-377-6000 EXT.6055. 


HELP WANTED 


ARALEGAL GRADED CURRICULUM. Ap- | Y-20025. 
ved Home Study. Affordable and Compre- 
nsive. 100 years of legal training. Free catalog | GREAT EXTRA INCOME! ASSEMBLING 


00-826-9228) Blackstone School of Law, P.O. 
bx 701449, Department PS, Dallas, TX 75370. | TEED! 1-800-377-6000 EXT.6050. 
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CENCE 


EDUCATION & INSTRUCTION 


PRIVATE INVESTIGATION TRAINING! Big in- 
come! Own Boss! FREE Information. Probe, 


Tel P.O. Box(PS) 2133, Beverly Hills, CA 
device $19.95.$2 57 [seperately 90213-2133 
VERY POWERFUL FM TRANS MITTER 
Transmis voice lo ary FM radio upio = Easo | UNIVERSITY — DEGREES WITHOUT 


CLASSES. Bachelor's, Master’s, Doctorate. Ac- | 
credited, inexpensive, convenient. FREE bro- 
chure. Bears’ Guide, 6923-PS Stockton Ave., El 


FM stereo transmitter kit $59.95. FCC legal. 
1 


QUALITY KITS, 292 Queen St, Kingston, On- 


CUSTOMIZED PATCHES, PINS, DECALS. 
TIR TINKER 


$329.84 Weekly Assembling Our Products At 
Ext.1292 


EASY WORK! EXCELLENT PAY! ASSEMBLE 
TOLL FREE 


STOP! NEED A JOB? ASSEMBLE EASY 
HOME! 


EARN MONEY. Reading books! $30,000 / yr 
income potential. Details. 1-800-513-4343 Ext. 


CRAFT PRODUCTS AT HOME! GUARAN- 


HELP WANTED 


HOME TYPISTS, PC users needed, $45,000 
income potential. Call 1-800-513-4343, Ext. 
B-20025. 


EYE CARE 
20/20 WITHOUT GLASSES! Safe, rapid, non- 
surgical, permanent restoration, 6-8 weeks. 
Airline pilot developed. Doctor approved. Free 
information by mail: (800)422-7320, ex. 362 or 
(406)961-5570. Fax: (406)961-5577. 
http://www.visionfreedom.com 
SATISFACTION GUARANTEED. 


FINANCIAL. 


FEDERAL LOANS for small business now 
available. Call 1-800-777-6342 for free details. 


FREE CASH GRANTS. Never Pay Back! Busi- 
ness, Medical Debts, Others. Information SASE: 
GrantFinders, 5871 M. University Drive, #303, 
Tamarac, FL 33321. 


FREE CASH GRANTS! NEVER REPAY ANY 
PURPOSE. FREE INFORMATION PACKAGE. 
1-818-377-5229. 


FREE GOVERNMENT GRANTS! BILLIONS 


AVAILABLE! NEVER REPAY! 
HOURS): 1(619)599-3502 


HOW TO make a fortune using credit cards. 
Free info pack. 1-800-286-8063 


MAXED OUT CREDIT CARDS? Reduce pay- 
ments and interest. NO FEE. Fast- EZ- Con- 
fidential. NCCS nonprofit 1-888-844-NCCS toll- 
free. 


CALL (24 


MONEY AVAILABLE NOW! Let the Government 
Finance your business idea. Satisfaction Guar- 
anteed! 1-800-226-3601, ext.BF6050 


MONEY TROUBLES? OVERDUE BILLS? RE- 
DUCE INTEREST, CUT PAYMENTS, RE- 
STORE CREDIT. CALL 1-800-SAVE-ME-2. 


OVERDUE BILLS? 1-800-788-1141. Bad cred- 
its no problem! Licensed/Bonded since 1977. 
Applications to $50,000. Not loan company. 
Town & Country Acceptance. 


FOR INVENTORS 


j WORK DIRECTLY WITH 
| ` REGISTERED PATENT ATTORNEY | 
& DEGREED ENGINEER 
| | 36 YRS COMBINED ENGINEERING & 
| PATENT EXPERIENCE 
U.S. & FOREIGN PATENTS 
| — PATENT AND DEVELOP IDEAS WITH 
| THE EXPERIENCE OF AN EXPERT. 
FREE 228 PAGE BROCHURE. 
CONFIDENTIAL ADVICE AND FORMS. | 
INTRODUCTION TO INDUSTRY, 
MARKETING PLANS, OFFSHORE 
| PRODUCTION & PROTOTYPES 


Also Specializing in Copyrights & Trademarks | 


| Associates located near Patent Office | 
CREDIT CARDS ACCEPTED • 24 HOURS/DAY | 


| MICHAEL І. KROLL 
REGISTERED PATENT ATTORNEY 


| US PATENT REGISTRATION $26,755 | 
| 171 STILLWELL LA., SYOSSET, NY 11791 


| TOLL FREE US/CANADA 800-367-7774 | 


Toll Free FAX - US & Canada 800-367-7773 
| International Phone/Fax 516-692-2795 
Internet-http:// invention.com | 
E-Mail: patent @ genie.com 


| 


BORSARI & Associates, provides professional | 


patent and trademark services. For our in- 
ventor's package, call 800-225-2462. 


DEAL DIRECTLY WITH REGISTERED PAT- 
ENT AGENT and qualified U.S. Patent Office 
Examiner. DON'T BE FOOLED BY PHONIES. 
Free patent information- "Patent, Develop, Mar- 
ket Your Invention." Richard L. Miller, 12 Park- 
side Drive, Suite-M, Dix Hills, NY 11746-4879. 
(516)499-4343, 1-800-242-9853, 
HTTPJ/WWW.PTO-AG.COM 


DON'T BE FOOLED! CALL OUR INVENTORS 
CLUB 24 HOURS FOR INFORMATION. 
1-800-466-1793 


FOR INVENTORS 


EFFECTIVE INEXPENSIVE PATENTING, 
PRESENTING TO INDUSTRY. 19 YEARS EX- 
PERIENCE, FREE ADVICE,  PHASE2 
1-800-446-4264 


FREE INVENTION PACKAGE: For customized 


| development, patenting and licensing assis- 


tance on your new product idea, call Davison 
& Associates. Success stories available... 
1-800-677-6382 or пёр’ 
www.inventegrationworks,com/ 


Got a Great Idea? You need INVENTOR'S 
DIGEST! Answers ALL your questions! $22 / 
yr.1-800-838-8808. 


Inventions, ideas, new products! Presentation 
lo industry/ exhibition at national innovation 
exposition. Patent services. 1-800-288-IDEA. 


INVENTION TECHNOLOGY. 1-800-841-1708. 
Help available. Patent pending, thirty days quar- 
anteed. Prototyping/ Marketing. 


| Havea Bright Idea? | 
Now OWN IT for only $89 


Created By Gene Scott, Registered Patent Agent 
and Founder/Chairman of INVENTORS FORUM 

|| * Provides “patent 
pending" status 

* Easy, quick to do 

* Avoids attorney fees | 

e Filing fee only $75 


Do-It-Yourself ACTION KI Т“ | 
Provisional Patent Application 


(Congress' June'95 simplified application) 
Kit incs. Video, Workbook, Examples and Forms 
Patent Law & Venture Group 
1-800-7-4-РАТЕМТ * 1-800-747-2836 


INVENTOR'S CHOICE: Inventors make money 
from your idea. Step- by- step guidance. Pat- 
ents, Business Plans, Licensing campaign, 
Marketing, Manufacturing, Seed- capital! Call 
now for brochure. 1-888-528-6249. 


INVENTORS. *URGENT MESSAGE* FROM 
WASHINGTON D.C. 24hr recording. Toll Free 
800-211-0893. Request packet 12. 


INVENTORS - NEVER SEND IDEAS TO 
STRANGERS! AVOID SCAMS - SAVE THOU- 


| SANDS! REVOLUTIONARY, PROTECTION/ 


MARKETING METHOD! NONPROFIT OR- 
GANIZATION. FREE INFORMATION: 
1-800-846-3228. 


INVENT SOMETHING? ESI Inc. links uncon- 
nected individuals with decision-makers. Free 
brochure supplied. (800) 547-7885 


PROTECT YOUR 
INVENTION 


The Law Firm of Goldstein & Associates 


* Affordable and thorough Patent and 
Trademark searches performed at the 


United States Patent Office 


* Patent & Trademark applications 
prepared & filed by experienced attorneys 


FREE CONSULTATION-—call for 


appointment 


Call for a FREE color brochure 
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New York- San Francisco 
Beverly Hills * Washington, D.C. 


PATENT and TRADEMARK SEARCHING all in 


one place... Free Online Gazette... www.mic- 


ropat.com 


PATENT IT ECONOMICALLY! Free details. 


Licensed since 1958. Near Washington, D.C., 
Ph.D. Associates. 1-800-546-2649 
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FOR INVENTORS 


QUALITY, Confidentiality. AFFORDABLE pat- 
enting and industry presentation. FINANCING 
AVAILABLE. Free information 1-800-501-2252. 


REGISTERED PATENT ATTORNEY. Former 
patent examiner. 31 years experience. Donald 
Kettlestrings. 1-800-966-7577. 


REGISTERED PATENT ATTORNEY. 33 Years 
Experience. Masters in Engineering. John 
Maier, 111, 326 Wall Street, Kingston, NY 12401. 
1-800-230-9496, 914-340-0010. FAX: 
914-340-0099. 


S.E.L.L. YOUR IDEA..... Free info. on Patents, | 


Licensing, Marketing, based on 25 yrs Exp. 
Harshaw Research 800-451-1326 


Videos, Brochures, Marketing your invention. 
Confidential. For details or quote phone 
1-888-898-2306. 


GOVERNMENT SURPLUS 


Surplus US & Foregin Jeeps, Tanks, APC's, 
Humwvs and Trucks. 
www.surplusjeeps.com 


HEARING AIDS 


Hearing Aids. Deal Direct, save hundreds, 
free trial. 1-800-641-4327. True Sound. FREE 
Info. 


FREE CATALOG! 
New Hearing Aids 


e45 Day Trial eHuge \ 
TRY BEFORE YOU BUY! 
1 1-800-320-3300 EXT R31 
Write: RHODES HEARING 
201R31 Ohlo St., 


HEARING AIDS- GUARANTEED LOWEST 
PRICES! No huge commissions. Home tríal, 
terms. All makes. We're the oldest, biggest, 
best. Custom instrument specialists. Free in- 
formation,(800) 323-1212. Lloyds - PSC. 


HEARING AIDS- New FREE Catalog. All styles 
available, including POWERFUL CUSTOM 
AIDS, at savings of 1/2 or more. Power Hearing, 
Box 31, Alpine NY 14805 1-800-260-4135 


NEARLY FREE VIDEO. Learn why you hear but 
don't understand. Video explains hearing and 
hearing aids and a new way to get the right 
hearing aids without leaving your home. $5.95 
shipping/ handling. Ethical Hearing Instruments. 
800-875-6864. 


INVENTIONS WANTED 


FREE Invention Kit: Patent and Market your 
new product idea! Call Concept Network 
1-800-846-8368. 


HONG KONG factory need several new рго- 
ducts for their oversea buyers. Send product 
ideas for royalty evaluation. Can produce exclu- 
sively. Hong Kong Plastic Metal Products Com- 
pany, Box 69627, Kwuntong, Hong Kong. 


INVENTORS: Free information package, exper- 
ienced patent attorney in Washington, DC area. 
800-876-6670, J.P. Halvonik 


Learn how to offer your invention for sale or 
license. Free booklet outlines procedures, roy- 
alty rates, requirements. 1-800-537-1133. Kes- 
sler Sales Corporation, C-7-IW-7, Fremont, Ohio 
43420. 
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| 02767 


| CA 90046. (213)650-1994. _ 
| PANTS FALLING DOWN? Skirts slipping? | 


INVENTIONS WANTED 


RISK- FREE MARKETING OF IDEAS. Seek- 
ing new ideas for marketing to industry without 
up- front fees. New Ideas Corporation. 
1-800-797-IDEA. 


rKITES 


FREE COLOR CATALOG 
Choose from over 200 kites. 

, Many unusual & innovative designs. 

| Call or write for your catalog today! 

i Into The Wind * (800) 541-0314 

1408-Р Pearl St.. Boulder, CO 80302 


PLANS/KITS/BLUEPRINTS 8 


Build your air compressor, for plans: send 11 | 
dollars to Custom Comp, P.O. Box 0064, Wal- 
Iburg, N.C. 27373-0064 


Dome Homes = Pre-cut kits - Superinsulated - 
Dome Tour Video - Natural Spaces 
1-800-733-7107. 


The Monolithic Dome ia so 


SUMED 


gi "a an n 


too 


chute or send 


You can build your own Monolith 
Сай 1 (800) 608-0001 fora FREE COLL 


PALS 4 


PO Bos ATF * йү, ТХ 1555 


PLASTICS 


CASTOLITE Liquid Plastics. Crystal clear, col- 
ors. For casting, embedding, coating, fiberglas- 
sing, repairing and reproducing with our Mold 
Making Supplies. Catalog $3.00 refundable. 
CASTOLITE, Dept. 97H/PS, 4915 Dean, Wood- 
stock, IL 60098, 


LOANS BY MAIL 


SIGNATURE Loans, must have checking ac- 
count & steady job. Call 1-800-445-0680. 


MONEYMAKING 


OPPORTUNITIES 


CRAPS! Amazing, revolutionary system. Thou- 
sands of satisfied customers. Free recorded 


алсо ш aie rsen PLASTIC FOR YOUR PROJECTS. Nylon, Poly- 


propylene, Acrylic, more. Free Catalog. Р51, 
Box 782, Willoughby, Ohio 44096-0782 


Earn Money At Home. Send $2.00. LSASE to: 
C-L Information Distribution, 2539 Queen Ridge, 
Independence, MO 64055 


MOTORCYCLES/BICYCLES 


Rubber, plastic compounds, techniques, 
sources. Free information: Castcraft, Box 
17000(V96), Memphis, TN 38187-1000. 


| REAL ESTATE 


BARGAIN HOMES - Foreclosed, HUD, VA, S&L 
Bailout properties. Low Down. Fantastic sav- | 
ings. Call 1-800-513-4343 Ext. H-20025 for list. | 


DIMENSION EDGE BICYCLE ENGINES: Auxil- 
liary Power Supply Fits Bicycles, Recumbents, 
Fold-ups, Easily. Aluminized System Out- 
powers, Outclimbs, Outpaces Competitors. Free 
Brochure. 406-245-5380 


OF INTEREST TO ALL 
GENIUS IQ! Results Are Astounding. Builds 
confidence. Send $5.00 to Andrew, Box 140870, 
Chicago, IL 60614 


GROW TALLER! FREE REPORT. SHAHP 
LABS , 100 New State Hgwy, Raynham, MA 


MONTANA № WYOMING 
Trees, Creeks and Wildili ‘5 acres starting al 
only $14,900. Many other properties and sizes Ё 
available. Easy Owner Financing. No Time Limit 
Guarantee. Warranty Deed. Guaranteed Access. 
Call today lor free informabon А photos. 

Rocky Mountain Timberlands 

1315 East Main * Dept. PS, P.O. Box 1153 

Bozeman, MT 59771-1153 * (406) 586-BOBB 


Call Toll Free: 1-800-682-8088 


MEET PENFRIENDS WORLDWIDE! FREE DE- 


TAILS! PIC, BOX 461873-PS, LOS ANGELES, | GALIFORNIA. Acreage. Lots $50 down. $50 


monthly. 4602 Ethel Ave., Sherman Oaks, CA 
91423 


Revolutionary foolproof method keeps them up 
without belts or suspenders. Information $4.00 
MER-ROCK, Dept. PS Box 102 Merrick, N.Y. | 
11566 


GOVERNMENT LAND now available for claim. 
Up to 160 acres/person. Free recorded mes- 
sage. (707) 448-1887. (4JG6) 


UFO Report send $1 SASE: Post Office Box 
385 LaPorte TX 77571 


NEW PRODUCTS 


BREAKPROOF. Guaranteed, High Impact, Ce- 
ramic lenses, 100% UV-ABC, utmost perform- 
ance sunglasses. 1-888-EYESAFE. 


= و‎ 1} ТИТЕ Т 
| 20- 160 acre claim program still available, get yours for | 
$20 government fee, in AK, AZ, AR, CA, CO, ID, MT, 
NV, NM, OR, UT, WA, WY. For complete, step-by-step | 
| package including maps, telephone helpline, filing 
| forms, etc. send $20; or for more information send $3. 
PUBLIC LANDS TITLE, PO Box 2945-PS Port 
Angeles, WA 98362-0336 (this is nol Homesteading, 
REVOLUTIONARY LOTTERY Ve su RIEN MET DU AE 

á ET http www. comvpubliclands/ 
BREAKTHROUGH! BEAT odds.. MAKE wh Liat eee 
money! SOFTWARE available! $7.95 MIC- 


ROCENSE(c), #661, WARREN, MI 48090 


SCIENCE 


Build It Yourself 
Front End 


Loader i 
kill insects wherever they oppeo. Wort 


[50i surfaces, Excellent for use at home, in 
Em restourgnts ond hospitals. Only $19.95 (USD) + 
| $4.95 S/H in USA, Canada. Visa/MC, Check, Money Order 
| or C.O D. 30 DAY MONEY BACK GUARANTEE! 
n BOLIDE INT'L CORPORATION 
© i = (HOO) 2455-08095 or [BIB] 575-H17B 
ктт ча 9660 Flair Or. Suite #310, El Monte, CA 91731 
РО. Box 606, Dept. S - Daleville, МА 24083 - 1-800-817-5267 


Plans to build and use 
= No Machining 

* Linder $700 ta build 
«if use aver z Years 
“КЇ Avaılablg 


http //www.bolideamazingproducts.com/ 


Securit 
e 70 Billion Rotating Codes € Never 
Repeats the Same Code Twice! Micro 


1 Useful Applications 
e Garage Doors • Keyless Entry for Cars 

* Home Automation Equipment • CCTV 
Cameras • Switch Anything On/Off 


Remotes • Great Range • Used by the 
FBI, Dept. of Justice, Royal e 
Mounted Police and Federal Buildings 


Receiver, Remote 
for 3 Devices 


REAL ESTATE 


LET THE GOVERNMENT PAY for your new or 
existing home. Over 100 differant programs 
available. Free recorded message. 
707-448-3818. (8JG6). 


ROBOTICS | 


NEW AND DISCOUNTED TECHNICAL 
BOOKS. CPIC Technical Books 

1-888-63-Robot 

http://web.idirect.com/-cpic 

PRACTICAL ROBOTICS, 320 Pages, 1997, 


| $49.95. 1400 SCIENTIFIC AND TECHNICAL 


PROGRAMS ON CD-ROM with 240 page book 
describing programs $29.95. 5000 ME- 
CHANICAL ENGINEERING PROGRAMS From 
ASME (CD-ROM) $39.95. Limited Time Offer! 

ч 
Robotics Source Catalog: Personal/ Industrial 
Clubs. $9.95 Tecknico Dept. PS7 Box 10593 
Kansas City, Missouri 64188 


№ 


Те BOOKS e PLANS * 
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SATELLITE TV 


DSS TEST CARD INFORMATION!! 
& EVERYTHING ELSE YOU WANT 
1-800-345-7800. 


OBTAINING SOUND for your МСИ and VCI 
PLUS is easy. No codes Needed. Also DSS 
TEST CARD information. Details 
1-800-211-5635. 


RUNNING STRONG! 
ғ М г 


BEST VALUES ON... 
e Receivers, including 4DTV — — 
e Dish Movers & LINB', all kinds 57 
e Tune-up Kits, Tools & Parts / 
e Skypac"Programming д 
* Toll Free Technical Help 
Fax: 218-739-4879 
int'l: 218-739-5231 
800-334-6455 
www. skyvision.com 


1030 Frontier Dr. 
_ Fergus Falls, MN 565 


BSkyvision 


SATELLITE MINI-DISH $99.00. Plus $300 
Programming. LOWEST PRICE ANYWHERE 
Considerably Better Than Cable 
1-800-244-0209. 


SATELLITE TELEVISION PAYS!  Minidis 
| sales force needed. STAR VISION DIREC 
| 1-800-899-9707, Ват - 10pm Pacific. Е | 


| THE AMAZING "SIDEKICK" PORTABLE 1 


DISH MOUNT SETS UP, STORES IN МІ 
UTES R.V., PATIO, HOME, CAR, TENT, ET( 


| 1-800-671-8953 


SCIENCE & CHEMISTRY 
"EXPERIMENTERS" - CHEMICALS - APPAR 


TUS - GLASSWARE. CATALOG $2. 
ESTABLISHED 1953. HAGENOW LAM 
ORATORIES, 1302 WASHINGTOM 


MANITOWOC, WI 54220 


LABORATORY CHEMICALS, GLASSWAR 
INSTRUMENTS, STUDENT KITS, 

CATALOG $5.00. ADVANCE SCIENTIF| 
2345 S.W. 34TH STREET, FORT LAUDE 
DALE, FL 33312. (854)327-0900 
http://www.advance-scientific.com 


"Laboratory" Glassware, Chemicals.Catal 
$2.00. Southern Oregon Scientific, 1000 SE 
Street. Unit A, Grants Pass, OR 97526 
HTTP:/Awww.cdsnet.net/Business/SOS 


JULY 1997 Ẹopula 


| SCIENCE & CHEMISTRY 


IMAKE YOUR OWN ROCKET MOTORS!!! 
U4OMEMADE FUELS, "CHEMICALS", Lab 
) Glassware, Acids, Supplies, Instructional Books, 
| Etc. "HUGE CATALOG" $2.00. PYROTEK, P.O. 
IBOX 300, SWEET VALLEY, PA 18656. 
(717)256-3087. 
EC I 

! Space Compass. Two experimental instruments 
зоп motion in space. $9.95: Salvo Distribution, 
ГР.О. Box 1733, Summerville, SC 29483 


| SECURITY/SURVEILLANCE f 


' STOP AUTO ALARMS! Portable, easy to build. 
i Plans $19.95, Kit $69.95 (305)271-2737 


i STAMP COLLECTING 


| DISCOUNT, STAMPS, PACKETS, FREE LIST 
(IVA, BOX 197-B, HANFORD, CA 93232 


i Penny Stamp Approvals, Regardless Catalog. 
Kloster 18289 Bunny Drive, Jamul, CA 91935. 


$ SURVIVAL EQUIPMENT 


. Jolar Utility Light. 6,000 hours of light on the 
: same batteries! Rugged hand held light, Lifetime 
| 2016, Floats. $29.95 +S/H. 1-800-811-1985 


TELECOMMUNICATIONS 


_ “ree Long Distance? (Up to 200 miles) Pro- 
essional Tells All! 100% legal! $9.95: 
VoiceData" General Delivery Yacolt, WA 98675 


FREE telephone audit! InternetTV! Virtual Of- | 


ice! — OmniLink (617)539-4841 
703)904-7770 Doc# 762 Agents needed. 


POPULAR SCIENCE DIRECT ORDER FORM 


$13.85 PER WORD - 12 word minimum 
BOLD FACE CAPS - add $1.00 a word 
GREY BACKGROUND - $35.00 


To: Classified Advertising Dept. POPULAR SCIENCE, 2 Park Ave., New York, NY 10016, OR CALL 1-800-445-2714 


Remittance of $ is enclosed to cover insertion(s) in the issue(s). 
CHARGE to: Exp. Date 
Heading my ad should be under: 
1 2 з 4 5 6 
ڪڪ‎ ыа sd e: Rl 0 M o —— iz uem د‎ OR TS 
13 14 15 16 17 18 | 
19 20 21 22 23 24 
YOUR NAME PHONE 
(PLEASE PRINT ) 
FIRM : = 
ADDRESS | = 
CITY STATE ZIP 
| DATE YOUR SIGNATURE | | aS eee 
(PLEASE PRINT OR TYPE COPY * FOR ADDITIONAL WORDS ATTACH SEPARATE SHEET) PS7/97 
ШЕ ууу 1997 


Cience 


TOOLS & MACHINERY 


4" Metal Cutting Lathe $135.75. Taig, 12419 
Nightingale Lane, Chandler, AZ 85249, 


BOLTS, SCREWS, TOOLS, WHOLESALE, DI- 
RECT. Guaranteed. Catalog $2.00 (refundable). 
Camelot, Dept. 33, Box 65, Bristol, WI 53104. 


" *«Precision Instruments 
" Free Catalog 


Free Machine Tool Ca 
PO Box 536-PS, Hurricane WV 25526 
304-562-3538 fax 304-562-5311 
_ JET EMCO-MAIER SHERLINE 


WATER PURIFICATION 


Electronic Water Softener no chemicals or 


plumbing needed, removes limescale from | 
FOD | pipes, perfect for septics, moneyback guar- 


antee, $399.95 call EcoSoft 1-800-275-7070 


account. 


WORD COUNT: Each word or initial in name and address must be counted as a word: 
John E. Jones, 345 East Main St., counts as SEVEN words. P.O. Box 3 counts as 
THREE words. City, standard 2-letter state abbreviation and zip code together count as 
TWO words. YOUR AD WILL RUN IN THE NEXT AVAILABLE ISSUE. TERMS: 
Payment with order or charge your VISA, MasterCard, American Express or Discover 


Qualit Microwave TV Systems 
| WIRELESS CABLE - ITFS - MMOS 


| Home Appliance 
| Purifies Your Tap Water 


Drinking Water 


Frequency 1980 = 270 4 
= Cable Ready = VHF = UHF Outputs 
* БАЗЕ For “FREE” Catalog or Send $1 
a — PHILLIPS-TECH ELECTRONICS 
y Free Catalog 1-800-874-0028 PO Box 8533 * Scottsdale, AZ 85252 
Waterwise" Inc E 
_—{ PO Box 45984 Center Hill FL 33514-0439 | 


= 


aia кг. ph ا‎ ORDER LINE 800-880-MMDS 

complete Grid 325p CATALOG INFO 602-947-7700. 
5 Year Warranty AX LINE 602-947-7799 | 

FREE SHIPPING Visa * MIC a Amx e Disc * СОП » Oty Pricing | 


REACH OVER 6.7 MILLION READERS 
MONTHLY IN POPULAR SCIENCE! 
CALL GENA ROSENSON OR LIZ IRVING 
FOR FURTHER INFORMATION! 


PHONE (800) 445-2714 
FAX (212) 779-5568 


Popular Science reserves the right to refuse any advertising 
order. Only publication of an advertisement shall constitute 


final acceptance of an order. Publication does not constitute 


an agreement for continued publication. All orders are subject 
to the applicable rate card, copies of which are available upon 
written request sent to the address provided. 


ING BACK 


New Way to Surf 


PI IT'S LIKE SURFING without 
ШШШ] surf. Or waterskiing with- 
out a tow boat. Well, maybe more 
like sailing without a place to sit 
and keep dry. No, windsurfing is 
something totally new. The piv- 
oting mast is the key to wind- 
surfing—you can tip, twist, and 
angle the mast to control your 
speed and direction, and to re- 
main upright.—July 1972 


sili) SINCE THE premature announcement of Dr. Robert 
Uu Koch's consumption cure six years ago, the doctor 
has been perfecting his method. Koch has concluded that 
the affected patient gradually acquires a degree of immu- 
nity through the absorption of certain constituents of 
the bacilli themselves. This immunizing, however, usually 
occurs too late in the disease to save the patient. Koch 
has now been able to extract immunizing substances, 
which he calls Tuberculin R, with which encouraging 
results are said to have been obtained.—July 1897 
For his discovery and isolation of the tuberculosis bacilli, 
Robert Koch received the 1905 Nobel Prize in Physiology 
and Medicine. Though tuberculin did not cure tuberculosis, 
it became a valuable diagnostic tool. In the 1990s, tuber- 
culosis has reemerged as a significant health threat, 
particularly among AIDS patients. 


Nature's Architect 


РТ DEBATE HAS raged for centuries 
Е id over whether coral life is vegeta- 
' ble or animal. Now, "the coral-polype is known 
to be as truly an animal as a cat or a dog." These 
seemingly insignificant creatures can 
build "gigantic structures with caverns, 
grottoes, and mighty arch-work . . . which rival in massive grandeur 
the noblest mountain scenery on the land." Among the varieties 
are the branched, often massive Porites (above).—July 1872 
Coral reefs are among the world's most fragile and endangered 
ecosystems. Reefs off the coast of 93 countries have been damaged 
by human activity. Unless current trends are reversed, as much as 
70 percent of the world's reefs may die within our lifetime, accord- 
ing to the Coral Reef Alliance, an environmental advocacy group. 
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DITED BY ВОВ SILLERY SAMPLING 125 YEARS OF POPULAR SCIENCE 


Secrets of Death-Dealing Storms 


Р) THUNDERSTORMS, HAILSTORMS, and twisters (below) 
ШШ often seemed like mysterious acts of supernatural ven- 
geance until the scientific explorer began to learn their secrets 
CUN EH and trace their origins. 
Almost all our knowl- 
edge about storms has 
come in the past 50 
years, and it has re- 
quired long, painstaking 
study. The meteorolo- 
gist has been unable 
to reproduce storms in 
the lab—he must study them as they occur.—July 1922 

Today's weather scientists glean some knowledge of weather 
disturbances from computer simulations. But for the most 
part they, like their 1922 counterparts, still need to track 
down storms and observe and record results. 


Russia's Growing money, and materials. If 


— they continue, they will be- 
Air Strength come No. 1."—July 1947 


Yay THE END OF World War The regard shown for 
ШШШ TI saw the U.S.S.R., "distinctly Russian" design 
second only to the United proved particularly 
States as an air power, push- insightful. — 
ing hard to become number p ч 
one. Citing planes that had FOX 
withstood the test 
of combat, such _ 

as the d 
Yak-9 , ER 
POPULAR AERE Without matching the 
SCIENCE evinced a more complex technology and 
healthy respect for the "dis- multipurpose capabilities of 
tinctly Russian" design and U.S. planes, Russian craft 
concluded that "while our have, for example, generally 
present skills are sharper, the — been less expensive, more ef- 
Russians are pouring in men, ficient, and easier to repair. 
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TELL YOUR BUDDIES YOU JUST GOT 
7 A 4100-LB. POWER TOOL. 


ima. 


Ihe right tool for the right job. That's the Toyota T100 Xtracab truck. With its 190-hp V6 engine 
this full-size workhorse has more standard towing and payload capacities than Ford and Dodge: 
Add to that a welded steel cab and a rugged double-walled bed and youve got one tough truck 


with a surprising level of comfort and sophistication. Toyota Trucks. Always come through. 


(DQ A ua | T | 
Call 1-800-GO-TOYOTA or visit our website at: http://www.toyota for a brochure or full-line CD-ROM plus the \ V 1 ОҮОТА 10 О 


location of your nearest dealer, @199 ove vo 


to Tread Lightly!” on public and private land. “Comparison based on comparably sta 5 with manual tre ion. I love what you do for me 
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“Love must be what you 
fee when you libe something 
as much as you like your 
Hlarley-Dat хот“ 

— Overhvard among bikers. 
There's devotion, and 
then there's whatever you 


call what gets inside the 


Chpr 16: THE HOPELESSLY ADDICTED. 


heartofthe Harley-Davidson 
rider. Mom should be so 
well-loved as the average 
Harley-Davidson motor- 
cycle. The United States 
Marine Corps should 
inspire such loyalty. 

You will see them out 
there in the wind. 


The preacher who roams 


the country on a Sportster" 


with an angel painted on 
the fuel tank. 

The man who spent 13 
years trackinp, down every 
single part to build a 1958 
Panhead because he came 
across one in a photo. 

The retired couple 
who've shown up at the 
Black Hills Motorcycle 
Rally in Sturğis, South 
Dakota every August for 
the past 45 years. 

There are thousands 


out there. Some so far one 


One rider commemora ted 


every Harley he owned with a tattoo. 


8 hikes. Only 


2 minor infections. 


We care about you. Sign up for a Motorcycle Safety Foundation rider course (for info call 1-800-447-4700). Ride with your ges say on and watch out for the other person. Always 
weara helmet, proper eyewear and appropriate clothing, Insist your passenper does too. Protect your privilege to ride by joining t 
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BOOK 


their relatives can only 
shake their heads and siğh. 
Bricklayers, secretaries, 
truck drivers, doctors, bar- 
bers, machinists, you name 
it. It happens to all kinds. 
o what is it about Harley- 
Davidson that a singe, 


momentary encounter can 
make people just drop 
everything else for riding? 
It starts with the 
machine. When you're on 
a Harley, you're connected 
to something far bidper 


than this year's model. 


Check out the Fat Boy” 


above. There 15 history here. 


In thechrome horseshoe oil 


tank, wide handlebar 


and floorboards and leather 


detailing. In the winged 


emblem on the tank. 


OF HA 


ELE Y DAV 
And as with every 

Harley-Davidson, you'll 
notice the carefully crafted 
detail is centered around 
the brawny lines ofa 
Harley-Davidson V-twin — 
a motor that embodies the 


spirit of motorcycling, 
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better than any other m ne 
ever built. 
Its understandable why 
a rider would lose larpe 
chunks of lifetime just eye 
balling, his Harley's lines. 
Owninj,such a machine 
is a feeling, like nothing, 
else. The only better 
one we can think of comes 


from riding, it. 


Me you, too, would 
test H-D positive if 


you ever Pot a taste of a 


Harley-Davidson thunder 


IDS ON: 


ing beneath you on one of 
the country's hijyh ways. 

Maybe yourhead would 
fill with thoup,hts of chrome. 
Maybe you'd throw a pair 
of jeans and aclean shirt 
or two into your saddle 


bags and never come back. 


Maybe you'd "T up 
commemoratinj, your own 
Harley Davidson motor- 
eycle with a fresh tattoo. 
Maybe. But if you 
never £o, how will you 
ever find out? Call 
1-800-445-2152 or visit 
www.harley-davidson.com 


for your local dealer. 


THE E ROLLS ON. 
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e American Motorcycle Association. ©1997 H-D. 
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